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Motivation and Objectives
The decreasing military spending budget is certainly an important driver to much of the
research that is being done in search of improvement to the current process of military aerospace
acquisitions. The goal of achieving the largest payoff for each dollar has never been more
important. It has been known for some time that over 70% of the life-cycle costs of a program
are locked in by the requirements before 10% is actually spent.! In addition, past Lean
Aerospace Initiative (LAI) research has identified that many cost and schedule overruns can be
attributed to poor requirements developed early in the development cycle. This suggests that
there is a large payoff to improving earliest stages of product development, specifically
requirements generation.
The more useful the information on customer needs that can be obtained and utilized in
the requirements stage, the more likely major changes in requirements which cause rework will
be avoided. Modeling and simulation seeks to provide this information to the requirements
process. In addition, the use of modeling and simulation in the requirements process may
facilitate more robust requirements by allowing increased, less costly, iteration in early product
development.
This research project has several goals underlying the issues stated above. The first is to
develop an assessment of the current usage of modeling and simulation usage in system
requirements generation. This includes the observed taxonomy of models among differing
programs and organizations. The next is to look for any benefits that have been found as a result
of the use of M&S in the process and also any obstacles that have been found to their effective
usage. The final goal is to project the implications that this information has on new initiatives,
like Simulation Based Acquisition, whose goals include M&S in every aspect of military
acquisition.
Thesis Document Overview
Chapter 2 addresses the research method that was used to gather data and develop results.
Chapter 3 and 4 provide background information on military requirements generation process as
well as the current use of modeling and simulation within military acquisitions and present the
ties between M&S and Requirements Generation. Chapter 5 presents the completed data
analysis into the current state of M&S use in the generation of system level requirements.
Chapter 6 provides a summary of the conclusions derived from the data analysis and the project
ties to ongoing initiatives. Finally, chapter 7 puts forth predictions and implications to current
and future policy and usage of modeling and simulation in the generation of system level
requirements.
Krouse, J. (1993). Computer Aided Engineering, Onward Press.
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This chapter presents the research problem identification and the approach used to
investigate the problem. First, an explanation of research motivations is discussed with previous
research findings that illustrate the importance of this research. Next, the formal research
methods that were used are discussed, including research categorization and explanation of the
research devices used.
Problem Identification
Requirements generation is one of the most influential steps of development with regards
to eventual success of a program. The significance of this fact is important to comprehend in
terms of requirements generation: an estimated 85 percent of a weapon's total life-cycle costs are
committed before a weapon system enters full-scale development.2 Furthermore, the early stages
of development afford the producer the most control over the eventual cost of the system as
shown in Figure 2.
2 Gansler, J. (1989). Affording Defense. Cambridge, MA, MIT Press., p.222.
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Figure 2: Life Cycle Cost Committed vs. Life Cycle Cost Incurred3
As shown in Figure 3, requirements generation has also been found to be the
development area where many, if not most, of the programmatic problems originate. These two
distinct characteristics about the requirements generation process make the process an important
one to research and improve, because of the large payoff that is possible. Not only is the
requirements generation process where the majority of the costs are incurred, but it is also the
process to which a majority of the system errors can be attributed.
3 Based on Fabrycky, W. J. (1991). Life-cycle cost and economic analysis. Englewood Cliffs, NJ, Prentice
Hall..
Source of System Errors
Figure 3: Source of System Errors4
The initial step of any research is to scope the problem that is to be addressed. Ask why it is
being investigated and what is the payoff of the research? For this project, the research was
focused on "assessing the impact of modeling and simulation on the generation of system
requirements." Looking at the problem statement it becomes clear that there are two main
thrusts to the work. First, to understand the requirements generation process, and second, to
understand the use of modeling and simulation in the confines of the requirements process.
Problem Approach
The research conducted in this project is social science research. Through investigations
into organizations, people, and process, this type of research strives to provide insight into the
social aspects of the world in which we live. One economist writes of social science:
4 Boar, B. (1984). Application Prototyping: A Requirements Definition Strategy for the 80's. New York,
NY, Wiley & Sons.
_ _
It is only by the...activities of the...social sciences that we can hope to understand the social
system sufficiently well to be able to control it and to be able to move into a positive image of
the future through our own volition and policy. Otherwise we are merely slave of necessity or
victims of chance.
The research presented here falls primarily into the category of qualitative social science
research. Qualitative social science is "characterized by an inductive approach, beginning
without structure but structuring the study as it proceeds, by exploring to find what is significant
about a situation, by trying to understand and explain it, by working in a natural selection, and by
description of words."6
Social science research generally has three objectives, whose emphasis is dependent on the
type of research design. The three objectives are creative exploration and description, creative
explanation, and creative validation. Exploration and description involves probing different
phenomenon to find aspects not previously studied, highlighting important features and show the
interrelations among them. Explanation is the portrayal of a phenomenon, as current knowledge
permits, that indicates the relationship among variables involved. Validation is the assembly of
data in support of a hypothesis. The various research approaches to achieve these objectives are
presented graphically in Figure 4. This project focused on literature, surveys and on site
interviews to generate conclusions, therefore it primarily utilized the exploration and description,
and explanation approaches.
5 Boulding, K. E. (1968). Beyond Economics. Ann Arbor, University of Michigan Press., p107.
6 Krathwohl, D. R. (1998). Methods of Educational & Social Science Research. New York, Longman., p.
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Figure 4: Roles of Research Approaches'
There were three main vehicles of the research presented in this project, as illustrated in
Figure 5. The first was an extensive literature search into military policy, technical literature and
conferences addressing modeling and simulation and/or system requirements generation. The
second was site visits and interviews at over 10 facilities. These visits helped to better define the
research scope and direction. The final vehicle was through a survey distributed to over 14 large
military programs and there industry contractors, as well as members of the military user
community.
7 Krathwohl, D. R. (1998). Methods of Educational & Social Science Research. New York, Longman.,
p.3 4 .
__ ____ ~_________ __ ____
Literature Review
Site Knowledge Survey
Visits Base Distribution
Figure 5: Research Approach
The site visits were completed at a wide variety of facilities including NASA, Pentagon
offices, Air Force program offices and industry contracting facilities. The selection of the site
visits was made so that a broad scope of the problem could be ascertained.
The survey research is used in the context of this thesis to verify and substantiate the
basis for many of the conclusions produced. The survey was targeted at acquiring views of the
industry, program office and user community with regards to the current state of modeling and
simulation in requirements generation. The sample was generated from active programs and LAI
consortium industry companies.
There were three main objectives of the survey. First establish a clear picture of the
current usage of M&S as it applies to requirements generation. Second, identify benefits that
have been identified and recorded in programs due to M&S in requirements generation. Third,
elicit barriers and obstacles that currently exist and hinder the effectiveness of the use of M&S in
requirements generation.
-- ------ -I - -- I -~ -
This chapter presents the aerospace requirements generation process. The first section
provides a discussion of what requirements are and the types that exist. The second section steps
through the process that was uncovered from literature search and site visits. The confounding
factors that result from military requirements generation are then presented. Next the issues and
problems that are inherent to the requirements process are described. The chapter closes with the
important issues to address for a more effective requirements generation process.
What are Requirements?
Before uncovering the requirements generation process, the term "requirements" needs to
be defined. Requirements are the customer needs transformed into a more tangible format for
system development. These requirements define the "whats" of a system, and therefore guide the
design as well as every other process associated with the development and success of a given
system.
The requirements mandate the characteristics of the design. They should always be viewed
as the rationale for program characteristics, and be traceable to the customer needs. For complex
programs, without a formal requirements generation and management process, there would be
little chance of ever achieving the goals of the customer. Good requirements serve to bring focus
and constraint to the problem but also allow for creative and innovative development within the
bounds of the problem while providing a basis for system validation and verification.
The topic of system constraints if often brought up while discussing requirements
generation. Constraints are factors imposed on the system that are, in general, not subject to
negotiation and placed on the system through external interfaces. These constraints can include
______ C __I _ __ ~
safety constraints, environmental regulations, and standards. The constraints of the system are
not generated within the system, nor are they subject to the trade-offs that occur with
requirements, and therefore will not be included in this research.
Classification of Requirements
There are a number of different levels and classes of requirements. One requirement
always flows from another, thus developing a requirements flow-down. The two highest levels
of requirements are system requirements that define the systems capability, and program
requirements that put conditions on the groups associated with the system.8 An example of a
system requirement would be: "The system shall provide continuous theatre coverage of Iraq."
Whereas, an example of a program requirement would be: "The contractor shall deliver the set of
documents defined in MOP 77." This project focuses primarily on system requirements;
however, both are essential to the success of the system.
Within the confines of system requirements there are three classes of requirements:
functional, performance, and operational. Functional requirements refer to the systems actions
that are required, while the performance requirements state to what extent the functions must be
performed. Operational requirements refer to those that deal with the direct operation of the
product. The classes of requirements are presented in Table 1. The breakdown of requirements
characteristics in Table 1 is not meant to be total, but is only used to illustrate example
characteristics.
8 Hooks, I. (1994). Guide to Managing and Writing Requirments, Compliance Automation., p. 2-2.
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Table 1: Classes of Requirements9
Requirements Breakdown of Requirement Characteristics
System Requirements Define product characteristics
Functional Data Input and Output
Transformations, Manipulations, etc.
External Interfaces
Communications
Performance External Workloads
Throughput and Response Time
System and Communication Capacity
Reliability, Availability, Supportability
Human Workload and Performance
Growth, Flexibility, Expandability
Fault Detection and Isolation
Operational Human Factors
Safety
Environment
Maintenance
Logistics
Facilities
Program Requirements Special Test Requirements
Schedule and Budget Constraints
Development Standards
Installation, Phase-in, Turn-over
Requirements Rationale
The next question that is raised is: "Why do we need to establish requirements and why do
we need to have a process in place to accomplish this task?" Many years ago, an engineer,
9 NASA ESDIS Requirement Management Plan, NASA Goddard Space Flight Center.
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unsupported by specialized engineers could complete the design task for simple systems.
However, this is an impossible reality in the aerospace industry because of the complexity of the
system and the number of disciplines essential to any program's success. This complexity has
had two main implications that have caused a need for a formal requirements process, system
decomposition and specialization, as shown in Figure 6.
Complexity Implications to
Requirements Generation
System decomposition--problem Specialization-cross-talk internal to
integration becomes a new and organizations becomes increasingly
essential role in development difficult as degree of specialization
becomes greater.
Figure 6: Complexity Implications to Requirements Generation
The system decomposition has created the ability to break down a complex problem into
management and workable problems. However, the need to decompose has resulted in new roles
of system architect and integrator. The architect must understand the problem as a whole, be
able to break the problem down into components and realize and manage the interfaces of the
breakdown. The integrator needs to combine the solutions, using the roadmap laid by the
architect to create the entire system solution. For example, the aggregate sum of decomposed
parts must ensure that the whole of the customer need is satisfied, and that nothing extra was
added or lost. System decomposition created the need for relaying the information necessary to
accomplish the sub-problems and how their problem space relates to the whole. Thus
requirements were necessary internally to establish direction and plan to the program.
Specialization, although necessary to maintain a competitive market, has resulted in
cultural and communication differences among engineering disciplines. The communication and
language differences that existed among the internal organization like finance, marketing and
engineering has extended to differences within subgroups of engineering. No longer is the
classification of engineer enough, further sub-classification like thermal, electrical, propulsion,
software have become necessary to understand the context of language and communication. The
increase in specialization is significant to requirements generation, because the requirements
process by nature is a social process, deeply embedded in understanding, communication, and
interpretation of needs and development capabilities.
Requirements Generation
Requirements generation is defined as: "the formulation of requirements and consists of
identifying the needs of the client and translating the needs into constraints, controls, and
measures for implementation."'1 Table 2 provides a framework for a general discussion of the
requirements generation process. After outlining the general process, requirements generation
within the military context is discussed..
Table 2: Area of Requirements Generation"
Requirement Acquisition: to acquire the customer needs either by being given them, eliciting
them, researching for them, or having a prior knowledge of them and understanding the intended
use or needs
'0 White, M., James Lacy Edgar O'Hair (1996). Refinement of the Requirements Definition (RD) Concpt
in System Development: Development of the RD Areas. International Council on System Engineering,
Boston, MA.
" White, M., James Lacy Edgar O'Hair (1996). Refinement of the Requirements Definition (RD) Concept
in System Development: Development of the RD Areas. International Council on System Engineering,
Boston, MA.
Requirement Analysis & Synthesis: to decompose the problem, study, assess, and quantify
performance at all levels, then synthesize it to formulate a realizable solution(s) in order to
determine feasible implementation(s)
Requirement Correlation: to archive requirement information and relationships among all
controlled entities in order to ensure requirements accountability, perform assessments, provide
control mechanisms, and provide timely information retrieval
Requirement Communication: to formally communicate requirements so one common under-
standable set of requirements is used by the entire program community
Requirement Management: to coordinate the entire requirements effort, conduct reviews,
provide approvals and programmatic decisions
Requirement Acquisition
The acquisition of requirements is the initial stage of requirements generation. It is the
first opportunity to acquire customer needs. Some of the issues that arise in this phase of
requirements generation include identifying the customers and from whom to elicit what
requirements, obtaining too many or too few customer needs, and prioritizing the customer needs
that are obtained.
Identifying the Customer
Very seldom is there a single customer of any aerospace product today. Whether this is a
military or a commercial product, there are numerous people who interface with the system. For
example, a 777 customer includes the airline that acquires the product, the pilots that fly them
and all those involved with its operation. Likewise, a commercial satellite has the procurement
group, the operators, and the launch services as customers. Realizing the many different
customers that need to be pleased and seeing where each ones inputs are most value is an
important step to maintain and assure the requirements are the best they can be.
Eliciting the Customer Needs
The elicitation of the customer needs is accomplished in a number of ways. Sometimes
this is done through marketing and screening of possible customers for what they would need in
a particular system. Other times a specific customer may derive a need and put out a Request for
Proposals and allow for competition. The relationship between customer and developer is
certainly not a one-time event. The process actually requires continual contact for clarification
and alterations to originally defined needs. This evolution of customer needs is one of many
hindrances on the requirements generation process. It is certainly reasonable for a customer to
not know everything that it would like in a system which will not be available for 2 years or
more, however this uncertainty adds more difficulty to an already complex process.
Requirement Analysis & Derivation
Requirements analysis and derivation is the process that reviews an existing set of
requirements, derives other requirements, and allocates these requirements to the functional
elements of the system. 12 Therefore, it is a prerequisite to this stage that the system be derived
into functional and sub-functional groups through system architecture.
Architecture Development
System architecture is "the fundamental and unifying system structure defined in terms of
system elements, interfaces, processes, constraints, and behaviors." 13 With this definition, it is
clear that a system architecture development and system requirements generation occur in
parallel with one another, allowing for continuous iteration between the two. Metaphorically, the
12 Eisner, H. (1997). Essentials of Project and Systems Engineering Management, Wiley & Sons.
'
3 INCOSE "System Architecture Working Group Definition.".
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system architecture is the framework to which the requirements can be attached, and the
requirements are the muscles that hold up the architecture.
A common misconception in architecting a system is that a simple hierarchical
development and decomposition exists between the levels of the architecture. However, system
architechting is both a bottoms-up and top-down development processes. The development of
higher level element may require complete development of lower level elements. The purpose of
the hierarchical structure is to ease in the tractability of lower level requirements and to keep
them consistent with higher level requirements. The following is an example of levels of an
architecture to which requirements can be attributed and shows the activities required to define
each level:
System:
* define system needs, goals, objectives, constraints, operational concept, and segments
* define system requirements
* perform system design
Segment:
* define segment needs, goals, objectives, constraints, operational concept, and
elements
* define segment requirements
* perform segment design
Element:
* define element needs, goals, objectives, constraints, operational concept, and
subsystems
* define element requirements
* perform element design
Subsystem:
* define subsystem requirements
* perform subsystem design
Parts
* define part requirements
* make or buy parts' 4
Deriving and Allocating Requirements
Some design engineers like to look at all of the requirements for their responsible item in
two sets: (1) customer or source requirements and (2) derived requirements. In actuality, though,
all requirements are derived from a system need. The word "derived" in this context tends to
mean the requirements that were generated at the next level of architecture." Derived
requirements are those that are a result of flow-down of higher-level architecture requirements.
These lower level requirements must be formulated in order to proceed collectively with the
design of the system. This need for subsystem derived requirements puts pressure on those
making requirements at the system level. For this reason, the program manager wants to get the
requirements set early and to then disseminate the top-level requirements to the lower-levels for
analysis. The following is an example of such a derivation and allocation:
A system requirement states that the "the mean time between failure
(MTBF) shall be 500 hours". Next, assume that there are four subsystems
that are part of the overall subsystem. Based on analysis of the subsystem
technical information and requirements, as well as data from previous
14 Hooks, I. (1994). Guide to Managing and Writing Reguirments, Compliance Automation., p. 3-2.
'5 Grady, J. (1993). System Requirements Analysis. New York, NY, McGraw Hill., p. 99.
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projects and experience, the systems engineer might derive a set of MTBF
requirements as shown below:
* Subsystem 1: MTBF=2500 hrs
* Subsystem 2: MTBF=2000 hrs
* Subsystem 3: MTBF=1667 hrs
* Subsystem 4: MTBF=2000 hrs
The values of the subsystem MTBFs are clearly larger than the overall
system requirement of 500 hours. The overall system requirement is
verified with this set of derived requirements and it can be verified that the
total system failure rates equals500 hours based on the subsystem failure
rates.16
To summarize, the most important aspects of requirements analysis and derivation are:
* checking requirements for
* completeness
* accuracy
* compatibility
* consistency
* traceability
* appropriateness of level
* developing a set of derived requirements
* placing the requirements in context for traceability
* allocating requirements to the functionally decomposed representation of the system
* recommending changes in requirements where and when the preceding aspects suggest that
such changes are desirable and essential."7
16 Eisner, H. (1997). Essentials of Project and Systems Engineering Management, Wiley & Sons., 195.
17 Eisner, H. (1997). Essentials of Project and Systems Engineering Management, Wiley & Sons., 195.
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Requirement Correlation
The correlation of requirements involves the archiving of requirement information, as
well as the relationships among them. This is necessary to ensure requirement accountability,
perform assessments, provide control mechanisms, and provide timely information retrieval.1 8 In
addition, the assurance of complete system verification requires the work that requirements
correlation supplies. Knowing where and when a requirement originated and on what basis its
formation was made is an important tool during the development process. Especially when
considering changes in program personnel, the passage of time and the shear amount of
information involved in the overall process."9 There are four highlights to the correlation
process, which are presented in Table 3.
Table 3: Requirements Correlation Process
Requirements Sourcing: identifies where the requirement came from, which could include the
customer need directly, a system mission analysis report, a conversation with a customer repre-
sentative, etc.
Requirements Rationale: reasons why the requirement is included and/or basis for the value
identified.
Requirements Allocation/Flowdown: identification of an architectural element that is respon-
sible for satisfying a functional requirement and the derivation of the subtier requirement from a
parent architecture element.
'8 White, M., James Lacy Edgar O'Hair (1996). Refinement of the Requirements Definition (RD) Concept
in System Development: Development of the RD Areas. International Council on System Engineering,
Boston, MA.
'9 Grady, J. (1993). System Requirements Analysis. New York, NY, McGraw Hill., 101.
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The documentation of each of the characteristics of a requirement is essential to the
success of the program; it will be used throughout development to assert the current system is the
right system for the customer. The requirements correlation process is the key enabler to ensure
linkage among requirements and complete system verification.
Requirement Communication
Various methods exist to communicate requirements amongst the stakeholders in the
generation process. These include paper, databases, graphical representations, and others. No
matter what the tool of communication, there are specific goals that the media has. These
include establish single source repository of requirements, maintain configuration and control,
and establish common requirements prioritization.
Prioritization is often a very difficult message to convey across a program. Various
semantic methods have been introduced, but can be confusing. As an example, the following
method is used to state requirements in terms of their level of applicability and therefore
importance to the system:
* the most important requirements are stated as "shall" to indicate mandatory requirements
* the next most important requirements are stated as "shall, where practicable"
* the next most important requirements are stated as "preferred" or "should"
* the next most important requirements are stated as "may"'
20 Eisner, H. (1997). Essentials of Project and Systems Engineering Management, Wiley & Sons., 188-9.
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This approach might actually present problems because of the ambiguities that could arise, in
terms of whether the system performed each goal and therefore could be judged successful. For
clarity and understanding keeping a minimum number of requirements and terminology is
important to more effective requirements communication. The military has made strides in this
way by employing an emphasis on Key Performance Parameters (KPPs). These are the absolute
necessary requirements for which the program will meet the customer needs.
Requirement Management
A major part of the requirements process involves the effort that must be spent to collect,
document and disseminate. Managing requirements to ensure requirements are not added nor
changed without proper authority is the primary concern of the program manager. It is often
accomplished with a team of system engineers. The program manager and the team are
responsible for establishing the process of managing the requirements. This includes who is
responsible for collecting requirements, the schedule, the format of proposed requirements, and
the review process for the requirements as well as the acceptance or rejection of requirements
changes. 21
Another important aspect of requirements management is dividing the control of various
groups of requirements. For example, a program like the Theater High Altitude (THAAD) has
various a few different system segments, each of which has a requirements manager. By doing
this, people can look after a more manageable set of requirements, rather than the entire system.
Where these system segments are broken out, it is still important for there to be system level
requirements management to assure complete system verification
21 Eisner, H. (1997). Essentials of Project and Systems Engineering Management, Wiley & Sons., 2-3.
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Requirements Generation in the Military Context
In the previous section, the general aerospace requirements generation process was
described. That is not the entire story, though, from a military and large civil program
perspective. This section provides an overview of the additional complexities that arise when
launching and executing a large military program. The emphasis in the research is on the
military process, but these factors could be extended to the large civil programs, like those in
NASA, as well. Military product development and acquisition are more complex simply because
of the environment in which it is developed, and the customers to whom the product is delivered.
A military system takes 15-20 years to develop and field; while at the same time over 90% of the
life-cycle costs are committed at by the end of MSII. This presents a unique problem for both
the customer and developer. The customer must have the foresight to know what the needs and
deficiencies 20 years later will be. In addition, the developer must translate those needs into
requirements of a system that when fielded won't be obsolete.
Military Environment
The circumstances that arise in the military/government that complicate the requirements
process are presented in this section. Some of these issues are the funding and budgeting system,
the assignments of programs to material commands, the number of people involved in the
generation of requirements, and the special relationship that is maintained among the program
offices, users and contractor. The following table describes some of the applicable differences
between the defense market practice and that which free market strives to achieve.
Table 4: Market imperfections in DoD that may contribute to inefficiency 2
Free market theory Defense market practice
* Many small buyers * One buyer (DoD)
* Many small suppliers * Very few, large suppliers of a given item
* All items are small, bought in large quantities * Each item is extremely expensive, and
Market sets prices bought in very small quantities
* Free movement in and out of market * Monopoly or oligopoly pricing-or "buy in"
to "available" budget dollars
0 Extensive barriers to entry and exit
Prices are proportional to total cost
* Prices are set by marginal costs 0 Almost any price is paid for desired
* Prices are set by marginal utility military performance
* Prices fall with reduced demand to encourage * Prices rise with reduced demand, owing to
buying more cost based pricing
* Supply adjusts to demand * Large excess capacity to handle
contingencies
* Labor is highly mobile * Greatly diminishing labor mobility
* Decreasing or constant returns to scale * Increasing returns to scale (in region of
(operating difficulty) interest)
* Market shifts rapidly with changes in supply * 7-10 years to develop a new system, then at
and demand least 3-5 years to produce it
* Market smoothly reaches equilibrium * Erratic budget behavior from year to year
* General equilibrium-assumes prices will * Costs have been rising at 5-7 percent per
return to equilibrium value year (excluding inflation)
* Profits are equalized across economy * Wide profit variations between sectors;
even wider between firms
* Perfect mobility of capital (money) * Heavy debt; difficulty in borrowing
22 Gansler, J. (1989). Affording Defense. Cambridge, MA, MIT Press., 159.
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Capital (equipment) is mobile with changing * Large and old capital equipment "locks in"
demand companies
* No government involvement * Government is regulator, specifier, banker,
judge of claims, etc.
* Selection is based on price * Selection is based primarily on promised
performance
* Fewer externalities, although still subject to * All businesses working with DoD must
some regulations. satisfy requirements of OSHA, EEO, and
awards to areas of high unemployment,
small business set-asides, etc.
* Profits are a return for risks * Profits are regulated, primarily as a percent
of cost
* All products of a given type are the same * Essentially each producer's product are
different
* Competition is for share of market * Competition is often for all or none of a
given market
* Production is for inventory * Production occurs after sale is made
* Size of market is established by buyers and * Size of market is established by "third
sellers party" (Congress) through annual budget
* Demand is price sensitive * Demand is "threat sensitive", or responds
to availability of new technology; it is
almost never price sensitive.
* Technology is equal throughout an industry * Competitive technologies
* Relatively stable, multi-year commitments * Annual commitments, with frequent
changes
* Benefit of purchase go to buyer * A "public good"
* Buyer has the choice of spending now or * DoD must spend its congressional
saving for a later time appropriation or lose it
This list illustrates the differences of the military environment and the nature of the entity
in which complex products must be produced. It becomes clear, that all that is good in the
commercial world is not necessarily good enough for the military, and vice versa. The
environment is not the only unique characteristic of the military process. The role and types of
customers that programs are responsible to can be the source of many complexities. These
customers and their main functions are illustrated in Figure 7. It becomes immediately evident
that the various customers request different objectives. Therefore, it becomes critical to
understand who to ask for the right information. At the same time, total group buy-in of
requirements is necessary but difficult, so there must be continual involvement of all these
customer stakeholders.
The Space Based Infrared Radar System utilized the right mix of customer involvement
in what is referred to as "the Summer Study." During this time, extensive feedback was
coordinated by the System Program Office to obtain the needs of the user, future outlooks on
funding profiles and the technical capability of the contractors to develop the product. Far-
reaching implications are seen from this effort in the program direction and structure. The early
and "right" amount of stakeholder involvement resulted in a program concept that was able to
satisfy the need for missile defense where three other programs had failed. These programs were
the Advanced Warning System (AWS), Boost Surveillance & Tracking Systems (BSTS), Follow
on Early Warning System (FEWS) and Alert, Locate and Report Missile (ALARM) programs.
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Military Requirements Process
Figure 8 presents the staged military acquisition process. Within this phased process is
another process, the requirements generation process. The majority of the requirements
generation process occurs between Pre-Milestone 0 and continues to Milestone II. Throughout
Phase 0 and I, requirements trade-offs are taking place and concept studies are being conducted
to explore possible system solutions to the military need.
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Figure 8: Military Acquisition Process
The activities within these phases vary from program to program, and most are at the
discretion of the program manager. There are a number of common activities that apply to
requirements generation and are illustrated in Figure 9. The main goal of these activities is to
develop or the Mission Need Statement (MNS) and the Operational Requirements Document
(ORD). The MNS is the initial document that expresses the deficiency and customer needs and
at the same time, the approval of this document establishes the funding for the program. While
the ORD is a continuing evolving document containing higher resolution system requirements.
A final aspect of the military requirements process that is unique is the evolving role of
the Integrated Product Team (IPT) leadership throughout an acquisition program. Figure 9
illustrates the change in leadership that occurs in the middle of the requirements generation
process. This leadership change is due to the hand-over that is generally conducted after contract
approval for Phase I. As with any transitions, there can be a variety of complications arising
from changed expectations, personnel resources or goals. This type of transition is unique to
military and civil program and is a source for customer/contractor miscommunications and other
program problems caused by the transition of responsibility.
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23 DoD (1998). Communicating Requirments. Washington, D.C., Office of the Under Secretary of Defense
(Industrial Affairs and Installations): 78.
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Issues in Requirements Generation
This section provides an overview of common issues and problems that arise in the
requirements generation process. These are the result of a process and people and occur in both
government and "free-market" commercial programs. These can probably never be fully
overcome but instead, only preventative measures can be taken to facilitate the requirements
generation process. Some of the keys to effective requirements generation are described in the
next section.
Innovation Restriction
Most project managers today want to establish a system as quickly as possible. They
want to specify requirements and freeze them so that they can secure funding for the program.
This funding incentive often results in "cookie-cutter" products whose advancements to the
information pool is quite small because its heritage is so closely tied to proven systems. This is
clearly the path of minimal resistance, however, with quick decisions and decisions centered on
previous products, the innovation that is essential to keep a company competitive lacks. Little
search and prototyping is done outside of what has been proven, and as a result the product
retains only a level ground with current products rather than rising to the next level. This low risk
option is clearly very attractive to some customers, but the obligation of the producer is to offer
advancements to the customers thinking and proposals.
Maintaining Balance: Bounding the Problem Space without Driving the Solution
Requirements are meant to bound the problem space; however, the resolution and clarity
of the requirements can often hinder the development of ideas and thrust point solutions onto
program. The requirements should only state what the functions the system should do, not how
the system should execute the function. In doing, the developers have the freedom to explore the
design space and find the "best" solution. Examples of contracts that drove point solutions can
be found in the military environment quickly. In the past, request for proposals (RFPs) have
included statement of work that literally dictate the solution and how to achieve it. Recently,
programs have moved away from this by replacing statements of work with statements of
objectives that have less focus on how to achieve the solution and more on what is characteristics
the solution should include.
Changes in Technology
When a customer expresses a need to a producer, it is translated into requirements that
are the subject of the technology available within the products development cycle and that that is
absolutely necessary to satisfy the customer needs. Certainly there are forecasts on what will be
available and what will be necessary to accomplish the mission, but it is often a difficult task to
forecast what technologies will be ready for integration into the proposed product at that time.
For example, the Space Shuttle Program began with a concept of Dr. Maxime Faget, then
Director of Engineering and Development at NASA Johnson Space Center, with a preliminary
design team on April 1, 1969. STS-1 did not take place until April 4, 1981, over 12 years since
it's conception.24 Over twelve years the system environment changed, and often it was clearly
difficult for the project to keep up with advancements. The idea of technology insertion into an
ongoing project is something that plagues many industries today, but especially those with larger
cycle-time.
24 Hooks, I. (1994). Guide to Managing and Writing Requirments, Compliance Automation., 3-6.
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Changes in Funding
The funding variation of aerospace products creates an environment in which stability of
requirements is difficult to maintain. As budgets change, predominantly in budget reduction, the
previously generated requirements have to be returned to and fit to the available funding. The
following is an example of a NASA program whose space segment was reduced from two
components to only one because of funding instability.
AXAF initially began as a two-telescope mission. One telescope was to provide the
imagery, AXAF-I, and the other was designed to provide diversive spectroscopy, AXAF-S.
However, due to budgetary constraints, the Congress removed The AXAF-S from the program
after the entire system had reached the design phase. This came after nearly sixteen years of
concept development and preliminary design review. 25 This, obviously, put significant change
into the mission, and eventually resulted in an integration of the science instruments proposed for
AXAF-I into AXAF- S. AXAF is a 2 billion-dollar development effort and at present is the
longest aerospace development project, with the first proposal acceptance in 1977 and projected
launch aboard the Space Shuttle Columbia in July 1999. Certainly, not all of AXAF's program
length issues are due to budget cuts, but they were one of the largest contributors to its extended
development.
Changes in Customer's Needs
Because the environment in which the products are being developed is changing and
adapting so quickly, the customer would like the same adaptability out of its design. However,
the current requirements generation process does not provide an environment in which changes
are "easy". Minor changes in the customer needs result in extraordinary changes in the flow-
down because the customer needs are top-level and most others flow from it. Thus any change
can send a ripple to all subsystem resulting in a considerable rework.
Changes in the World Environment
The world's political, economic and cultural structure is in a constant state of flux. The
best that new systems can do is presume steady state for the future or establish trends to base the
future on. As good as these predictions might be the developing system and its requirements
could be greatly impacted by these global shifts. In the military environment, this is even clearer
in terms of threat evaluation and reassessment of national defense needs. An example of world
environment impacts on a military program could be drawn from the Space Based Infrared
System (SBIRS). In 1995, the DoD made plans for the system to be deployed in fiscal year
2006. In February 1996, the Congress directed the Secretary of Defense to restructure the
program to accelerate its deployment to 2002. This acceleration in the program was due to
increasing theater threats and to "ensure that SBIRS...provided support to national and theater
ballistic missile defenses sooner, rather than later."26
Ambiguous and Unclear Requirements Statements
There are a number of ways to write a requirement, and a great many of the problems in
design result from either the misinterpretation of requirements or the lack of properly writing a
requirement. In addition, design engineers often see the task of recording and archiving
requirements as non-value added. The importance of writing them well is not stressed enough
25 Weiskopf, M. (1994). Report from the Project Scientist. Cambridge, MA, Smithsonian Astrophysical
Observatory.
and often this process of documentation is mandated by the company or by the customer, i.e.
DOD or NASA.
Examples of poor syntax in stating requirements are not hard to find. Requirements that
use terms like: maximize, minimize, rapid, support, and quick have no place in the requirements
because of they are unclear and offer no exact metric which can verify them. Requirements can
also be over-stated. The following is an example of over-statement for the shuttle:
> The ACRV System shall be capable of operating over a planned operational life of thirty (30)
years.
> The Flight Segment shall provide an operational life of 30-years for the flight elements.
The second of the two requirements is not necessary because the ACRV requirement would have
been adequate. 27
Another common complaint comes from overly stringent requirements placed on the
system. These requirements are the often the most regretful in hindsight and some of the major
horror stories of the aerospace industry deal with overly stringent requirements. One contractor
was severely criticized for charging $25,000 per coffeepot in government airplanes. The
requirements on the pots were so stringent though, that the plane could have crashed and no
coffee would have been spilled.28
Proper interactions of user and producer knowledge
In developing a new product, there is information that both the customer and the producer
have, and both are necessary for a successful system. The problem comes in trying to meld the
26 National Missile Defense Risk and Funding Implications for the Space-Based Infrared Low Component,
General Accounting Office, Washington, D.C., February 1997.
27 Hooks, I. (1994). Guide to Managing and Writing Requirments, Compliance Automation., 4-7.
28 Hooks, I. (1994). Guide to Managing and Writing Requirments, Compliance Automation., 4-7.
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information that is inherent to the customer with that of the producer, and vice-versa. Thus two
forms of information arise: need information, which resides with the customer, and solution
information, which resides with the producer." This necessary relationship is shown in Figure
10.
Figure 10: Product Knowledge"
This information exchange can be done in a number of ways through integration of the customer
into a development integrated product team, integration of the producer into the customer
environment, or both.
There is another issue with the customer that relates to the customer's perception of the
producer. Under the current program development approach, the earlier a single design proposal
29 Bernstein, J., Eric Rebentisch (1996). The role of the 'Lean' User in requirements generation. Cambridge,
MA, Massachusetts Institute of Technology.
is specified, the more comfortable the customer is. This early development gives the producer a
good fence against contract changes; however, the producer may have agreed to a design that
may be difficult or impossible to achieve in the long run. On the other hand, if the requirements
that producer sets are too light, the customer may become skeptical of the product and lose
confidence in the design process; however, this provides the producer with a greater ability to
make adjustments over the life cycle.
When to Determine Requirements
When should the requirements be frozen to establish baselines for designs? In the current
requirements generation process, the incentive is to have this done as early as possible. Freezing
the requirements early allows time for subcontractors to be sought after with exact part
specification and further explicit designs to take place. However with early establishment, there
is a more risk that you have captured the customers needs correctly and that your system will not
change. On the other hand if you delay decisions in the current framework, schedule overruns are
bound to occur with complaints from suppliers about poor communications of specifications
which they can use for their designs. It is clear that a proper balance of rigidity of control and
flexibility of change must be maintained throughout programs.
Keys to Effective Requirements Generation
The previous section illustrated the issues that are inherent to the requirements generation
process. This section sets down the themes for improvement in the current state of requirements
3 Adapted from Bernstein, J., Eric Rebentisch (1996). The role of the 'Lean' User in requirements
generation. Cambridge, MA, Massachusetts Institute of Technology.
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generation. These themes can help to generate preventative steps to decrease the impacts of the
already mentioned problems.
The measurement of effective requirements generation is something that has not been
done in any formulated structure. Requirements are often measured such that they are complete
and traceable. In some programs, they are also measured for stability and growth. These
measures although imperfect to establishing effective requirements, have been the only measures
used. From numerous interviews, there were three overarching themes to effective requirements
generation: getting the right people, having the right process, and supplying the right
management support.
People
Requirements generation is a creative process that requires people who understand the
customer, the end goal, and the process in which they work. Teams using varieties of input from
different perspectives has also been cited as an important key to maximizing the potential of the
people involved. The requirements process is probably the most social aspect of developing and
delivering a new product. It is the process point at which knowledge from the customer has to be
transferred to the developer. This is generally done through both documentation and
communication on both sides. The people involved have to understand the process that their
organization uses and the results it can achieve. They must also convey information to the
customer effectively, as well as have the ability to ask the right questions to secure the customer
needs.
Individuals
Having the right individuals was a major theme to interviewers comments on effective
requirements generation. As much as M&S and other tools can help with the requirements
process, it still takes a specially trained person to deal with generating requirements. At most
sites visited requirements training was provided and the people generally felt satisfied with the
level of training that was given. On the job training appeared to be the most effective training.
Teams
Teams have been cited at many sites for their benefit to the requirements process. On
one program, teams were maintained at the contractor site for two years and then stopped, the
requirements manager saw a clear downturn in requirements generation. The teams were broken
up to "fight fires" as often occurs, and the stability of the requirements team was lost. The
program observed significant impacts to the level of control and stability that had existed when
the team was in place.
Another example of team impacts to requirements development can be found at the
Product Design Center at JPL. The Product Design Center has made strides to combine both the
intellect and ability of individuals and the problem solving power of the team. The design center
set up allows for quick iteration of concepts and tradeoffs. The PDC can service both Pre-Phase
A and Phase A/B NASA programs through providing an integrated environment in which
complex tradeoffs can take place. In this environment highly knowledgeable and creative people
with the right tools can work cooperatively on each iteration. This eliminates the handoffs of
information among functions that can cause timing delays as well as information being
misunderstood. The center is still in its early years, but opinions of the center at JPL are very
positive. In addition, other locations like the Aerospace Corporation in El Segundo, CA are
creating their own design center based on the JPL model because of the perceived benefits.
Process
Providing a guideline to the requirements generation process is a necessary step to
achieving more effective requirements. The process differs from organization to organization,
but retain much of the same process steps. Tailoring to individual programs is encouraged, but
straying from the structure is not. The process is the key to obtaining a level of stability across
the organization. A common language in terms of the process becomes very important in an area
where all aspects of the process have little physical meaning.
The process serves as a roadmap, but does not prescribe requirements. It lays a
framework from which interpretation and adaptation to each program can be achieved. From
interviews conducted at one site visit, program officials were quite happy with the modifiable
system that was made available to them. The process people at this same site very comfortable
with the process and the way it was being used, but still stressed that a formal understanding of
the full process should be obtained before any tailoring can take place. They also stressed the
dangers of straying away from the plan as a whole. The process people stressed the utility of the
requirements map to any program and that there should be no size or funding limitations, just
tailoring of the process to accommodate those differences.
Management Support
Time is an essential characteristic of effective requirements generation. The product of
the requirements process is not as physical as that from design or manufacturing, and therefore is
often not treated with the level of management support that is necessary to achieve good
requirements for the program. The process is one that requires a great deal of communication,
interaction and cooperation with the customer as well as other stakeholders. This process of
eliciting customer needs can be a time consuming task and without the necessary time, the
requirements will suffer. Once the customer needs are obtained, they have to be validated
against what is possible to be achieved. This often takes a great deal of time as well and
extensive use of M&S to validate the needs as both technologically feasible, but the cost and
schedule feasibility as well.
Another aspect of management support that becomes key to effective requirements
generation is the ability to say "no" to requirements changes. Management must have an
understanding of what minimal requirements changes should be accepted and which should be
rejected for the good of the program. It was discovered from numerous site visit interviews that
successful requirements generation had management that understood the impact of requirements
changes and were not afraid to say "no" to customer requests for requirements changes.
Modeling and simulation has forever been a part of military practice. The training, the
sand tables, and the field exercises are all of examples of M&S at one level or another. But with
the increasing computational power offered, M&S has grown to be used in nearly every phase of
acquisition, testing, training, and operation to a point where it is difficult to understand how a
complex system was developed without the tools. As stated by Brig Gen. Michael C. Mushala,
USAF, "M&S tool usage is a fact of life for any modem acquisition program."31
Policy guidance for M&S is relatively new, with the DOD simulation policy not being
dictated until 1990. Prior to this there were service and organizational guidelines and policies,
but it is very clear that the application of computational modeling and simulation had its
blooming in the 1990's. It is certainly interesting to note how quickly M&S has come to the
forefront of program development, and there is no indication that its usage and influence will do
anything but increase.
A Defense Systems Management College study in 1994 examined the overall state of
modeling and simulation within ACAT I and II programs. This study presented extensive use of
modeling and simulation in all phases of acquisition. Interestingly, the area of predominant
M&S usage was in the requirements definition, as shown in Figure 11.
31 Mushala, M. C. (1998). Modeling and Simulation in the F-22 Proram. Seventh Annual State of
Modeling and Simulation Briefing to Government and Industry, McLean, VA.
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Figure 11: How Program Management Offices Use M&S32
Modeling and simulation trends
A general timeline of modeling and simulation evolution is presented in Figure 933. From
this it is clear to see the quick and explosive growth of M&S from a tool to an enabler to a
dependent to a driver of acquisition strategy. At the start of the M&S usage, there was little
cohesion amongst the tools and were carried out for isolated analysis on the system. As tools
evolved and their utility (and complexity) increased the need for management and structured
usage so too increased.
32 Mercer, J., R. Roop (1994). System Acquisition Manager's Guide for the use of Models and Simulation,
Defense Systems Management College.
33 Konwin, K. (1998). The Revolution in Military Affairs & the Supporting U.S. Department of Defense
Modeling and Simulation Strategy, Defense Modeling and Simulation Office.
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Prior to 1991, DoD Modeling and Simulation was extremely fragmented and
uncoordinated across key communities. A few efforts had begun and were underway like the
Defense Science Board (DSB) Task Force on computer applications, and the Advanced Research
Projects Agency (ARPA) effort to establish a Simulation Network (SIMNET) to Distributed
Interactive Simulation (DIS). However, the most common application for these efforts was
Wargaming and training, not product development. In addition, there was no organization in
place to collect M&S information to reduce duplication in the development of advanced
technologies.
In response to these deficiencies, the Congress directed the DoD to establish an OSD
level joint program office for M&S coordination in the DoD. The results of this charge were the
forming of the Defense Modeling and Simulation Office (DMSO) and the Executive Committee
for Models and Simulations (EXCIMS).
The scope of DMSO activities include the following:
* Circulate M&S policies and serve as focal point for M&S guidelines to facilitate
M&S development plans in the areas of: configuration management, verification,
validation, accreditation, and releasability.
* Develop a process to coordinate and assist in the development, acquisition and
sharing of M&S technology among DoD components and the Defense industry.
* Develop mechanisms for cooperation across key communities to maximize M&S
interoperability and eliminate duplicate development.
* Advise the USD (A) on matters relating to improving the use of M&S that support
input to the JROC, DPRB, and DAB.
The EXCIMS was established as a board to advise the USD (A) on models and
simulation. This includes advise on M&S policy, initiatives, M&S standards, and investments
for improving current M&S capability and promising M&S advanced technologies. The DMSO
acts as a secretariat to the EXCIMS.
Following the formation of these two organizations birth, there was an increased push to
develop policy and provide more guidance to M&S users. Some of this guidance came out in the
DoD M&S Management Plan, DoD 5000-59. This document preceded the DoD M&S Master
Plan, and formally laid out the tasks that were to be accomplished with respect to M&S and those
parties responsible for their completion. The next defining move in M&S policy evolution was
the final report of the Acquisition Task Force on Modeling and Simulation.
Acquisition Task Force on Modeling and Simulation
The spirit of a modeling and simulation based acquisition environment has existed for
many years through a number of different initiatives and documents like STEP and the DoD
M&S Master Plan. The Simulation Based Acquisition (SBA) effort that has occurred of late is to
collect the components into one overarching initiative that will produce an easier roadmap to
follow. (Simulation Based Acquisition is discussed in more detail in Chapter 7 as it ties directly
to conclusions of this research. Many of the concerns that SBA will address were first raised in
1994 in a report of conclusions from the Acquisition Task Force of the Executive Committee on
Modeling and Simulation (EXCIMS) whose data was based primarily on a survey of 57 program
offices.
That work group came to the following conclusions:
* The effective, integrated use of M&S in the acquisition process is being impeded by
the lack of an overall M&S architecture (i.e., a structure of M&S components, their
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interrelationships, and the principles and guidelines governing their design and
evolution over time)
* The lack of this M&S architecture has led to not getting the most out of the
investment that is being made in M&S for acquisition
* Clearly designated leadership and an appropriate coordinating mechanism are
required to stimulate progress in the creative application of M&S to the acquisition
process
* Additional education and training on the capabilities and limitations of M&S is
required for all participants in the acquisition process
* It is time to apply advanced M&S and related tools to enhance real acquisition
programs.
From these conclusions they produced the following list of recommendations:
* Work with the Services to establish a Joint Program Office (with an associated Joint
Mission Needs Statement) to formulate an M&S architecture to support the
acquisition process
* Establish a permanent staff to assist the DDR&E in correcting significant shortfalls in
the creation and uses of M&S in the acquisition process (e.g., enhance cross-Service,
cross-functional coordination; formulate needed policy).
* Sponsor experimental demonstrations of the application of advanced M&S and
related tools to selected acquisition programs.
These recommendations were then acted upon by the EXCIMS and incorporated into the
DoD M&S Master Plan. In addition, many of the concerns and recommendations raised were
incorporated into separate M&S initiative, like Simulation Test and Evaluation Process (STEP)
Initiative.
Modeling and Simulation Master Plan
This Plan was the Department of Defense's first step in directing, organizing, and
concentrating its M&S capabilities and efforts on resolving commonly shared problems. It was
released in October 1995, by the Under Secretary of Defense for Acquisition and Technology
(USD (A&T)).
The vision of M&S as put forth in the Master Plan was primarily the result of the
EXCIMS recommendations on where M&S would reap the most benefit to the military. These
improvements due to M&S introduction into acquisition are presented as improvements in
capabilities and decision making in the four pillars of military capability: (1) readiness, (2)
modernization, (3) force structure, and (4) sustainability.
Through allowing joint access to the models and simulation early, the warfighter has
enhanced readiness opportunities that can be used for the establishment of doctrines and tactics,
assess necessary support procedures, and can rehearse mission and carry out what-if scenarios
sooner. In addition, combined forces training becomes easier through the use of geographically
separate exercises.
It is the DoD vision that M&S will reduce the time, resources, and risk associated with
acquiring systems and therefore the warfighter will obtain higher quality systems faster. In
addition, information sharing among designers, manufacturers, logisticians, testers, and users
will be enhanced. Increased communication between these groups will allow for a closer
interaction between the operations and acquisition communities, making both more effective.
Improved force structure capability will also be improved through the use of modeling
and simulation. Leadership will have tools to analyze current structures and have the ability to
adapt and observe modifications to those in a virtual environment. An example of where this
might be used is with calculating optimum numbers of aircraft for particular squadrons.
Finally, the sustainability of forces will be better understood through the use of M&S.
M&S tools will be available for studying effects of size, basing and tactics, as well as analyzing
resource distribution and material management. These tools will be used also to generate
estimates of life-cycle support requirements and cost for a system.
The DoD states its M&S realization of its vision in terms of the accomplishment of six
main components: (1) provide management policy and guidance, (2) assess requirements, (3)
develop technology, (4) build M&S capability, (5) field capability, (6) share M&S benefits.
These four components are more fully described in the DoD M&S Activity Model as seen in
Figure 13.
Realize the DoD M&S
Vision
Provide Assess
Management equirements I
Policy and
Guidance
* Publish Directives * Asses
* Establish Supporting Gover
Organizations Effort
* Develop Plans * Decid
* Designate Executive Invest
agents * Execu
* Forge Partnerships Devel
* Manage Investment
* Establish Needs
* Define M&S Fit
* Prioritize Requirements
Share M&S
Benefits
s Ongoing
nment and Industry
s
e DoD Technology
ments
te Technology
opment Projects
Plan Fielding
Incorporate Capability
Accredit Employment
Employ Capability
Provide Life-Cycle
Management
* Define Technical Framework
* Apply Technology
* Produce Componenets
* Verify/Validate Components
* Integrate Components
* Quantify M&S Impacts
* Educate Potential Users
* Transfer Technology
Figure 13: DoD M&S Activity Model3 4
Also contained in the Master Plan is an assessment of the current state of Modeling and
Simulation in the DoD. From this assessment the following shortcomings were listed:
* Simulations are too narrowly focused, result in stovepipe development.
* M&S do not meet active, reserve or joint needs.
* The models and simulations take too long to build and cost too much to build and
operate.
* Verification and validation has not been done on many of the applications.
34 DoD (1995). DoD 5000.50-P DoD M&S Master Plan (MSMP). Washington, D.C., DoD.
* There is a lack of interoperability among M&S assets that could prove useful.
* The models and simulations are not easily maintainable or extensible.
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Figure 14: DoD M&S Objectives and Sub-Objectives s
Figure 14 illustrates the proposed DoD M&S objectives that are to be carried out in order
to achieve the M&S vision. These objectives were derived from the original DoD M&S Activity
Model (Figure 13) and the baseline assessment of the current state of modeling and simulation.
These objective were then given responsibility and completion timelines to different DoD
elements, i.e. DMSO, ARPA, etc.
Simulation Test and Evaluation Plan (STEP)
Introduced by the former Under Secretary of Defense for Acquisition and Technology,
Paul Kaminski, in October of 1995, the STEP Initiative was meant to integrate both simulation
and test for the purpose of interactively evaluating and improving the design. The intent was to
move away from the "test, fix, test" approach to a "model, test, model" approach. This of course
is under the assumption that the modeling is the less expense component during which most of
the iteration should occur, rather than through testing.
Although the STEP Initiative was first brought up in October 1995, the guidelines for the
initiative were finalized in December 1997. STEP has evolved into the Test &Evaluation
interpretation of their contribution to Simulation Based Acquisition. STEP is very focused on
moving away from the "test, fix, test" approach to a "model-simulate-fix-test" iterative approach,
where many different iterative loops are possible. STEP's iterative process seeks to integrate test
and simulation for interactive validation and improvement of design, performance, joint military
worth, survivability, affordability, and effectiveness of the systems to be acquired.
The STEP process should occur throughout the lifecycle of the product. It doesn't end
with fielding and deployment, and it is imperative to use it as early in the development process as
possible as a tool for trade-off of cost, performance, risk, operational effectiveness, training,
mission planning, survivability, and tactical employment.
STEP is not a substitution of the acquisition process, it is a sub-process that is consistent
with the regulations that govern system acquisitions, and does not require their modification.
However, STEP is a revolutionary shift in the DoD Test and Evaluation Process. STEP moves
away from the traditional T&E stovepipe and provides a means of sharing valued information
across the acquisition community. It should also be noted that STEP is not specific to any
acquisition type program (i.e. Major Defense Acquisition Programs), but instead applies to all.
M&S Policy Future
The increased use and role of M&S within defense acquisition has brought with it an
abundance of policy implications. These policies and guidance continue to evolve as the tools
do, sometimes lagging the tool evolution, as with the M&S Master Plan and sometimes
3 DoD (1995). DoD 5000.50-P DoD M&S Master Plan (MSMP). Washington, D.C., DoD.
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preceding the advancement, as in the case of SBA. Although, as much as the policy can push
ideas, it is only effective when the program offices and contractors buy in and begin to pull the
recommendations on their own. This pull seems to be occurring with the High Level
Architecture (HLA) policy. There is an urgent sense with all stakeholders to increase the
interoperability of the M&S applications. HLA is an attempt to provide the code standardization
that will allow for the necessary increase in tool commonality.
Modeling and Simulation: Developing a Taxonomy
So what modeling and simulation does this research address? There are many different
types of modeling and simulation being used for various purposes. Technically a model can be
any equation which represents a system; however, the microscopic nature of that type of model is
not of interest here. Instead, this research focuses on the use of engineering and engagement
level M&S within the context of system requirements generation. The hierarchy of M&S is
shown in Figure 15. These levels are described below.
* Theater/Campaign level M&S are used to evaluate outcomes of joint and combined
forces in a theater or campaign level operation. They provide information and
measures of outcome at the highest level of conflict.
* Mission/Battle level models and simulations are used for evaluatng the effectiveness
of a force package or multiple platforms executing a specific-mission. They provide
measures of effectiveness on a force-on-force level.
* Engagement level models and simulation are used to evaluate the effectiveness of
one-on-one, few-on-few, and many-on-many scenarios. They provide measures of
effectiveness on the system-on-system level.
* Engineering level models and simulation provide measures of performance
concerning issues like design, cost, manufacturing, and supportability of individual
systems. They are used for intra-system evaluation.
Figure 15: Hierarchy of M&S3
The classification of M&S can be done through the model scope as described above, but
can also be broken into distinct classes. The classes that exist in modeling and simulation can be
broken into 4 types based on their relation to system interfaces and equipment, as shown in
Figure 16. This is the adaptation of a concept familiar in the military community. Currently the
M&S community uses only the system interface of people to represent the structure, but this
research would propose a broader vision of "interface". Most likely the people characteristic was
brought from manned vehicle concepts, but other unmanned concepts could fit under the
paradigm with the "interface", rather than people, characteristic. Interfaces could represent the
other systems to which it communicates or the people or machines that operate it.
Figure 16: Types of M&S Classes"
The four classes of M&S are:
* Virtual simulation - virtual simulation allows real interfaces, including people and
other hardware to interact with a simulated physical system. The system provides all
feedback and response that would otherwise be provided by real system hardware.
36 Johnson, M., Mark McKeon, Terence Szanto (1998). Simulation Based Acquisition: A New Approach.
Fort Belvoir, VA, Defense Systems Management College., p. 2-2
37 Johnson, M., Mark McKeon, Terence Szanto (1998). Simulation Based Acquisition: A New Approach.
Fort Belvoir, VA, Defense Systems Management College., p. 2-3.
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* Constructive simulation - constructive simulation simulate both the interfaces and the
system. Examples of this might include 3D mockups of products in which virtual
people could be placed to test for operability and supportability.
* Live simulation - live simulation is the oldest paradigm of simulation. It refers to the
interactions of real people with real equipment. The hardware is most likely fully
functional and could be a simple physical mockup.
* Smart simulation - smart simulation requires behavior and response models of
interfaces and allows for that information to be passed to physical hardware.
A final method of classification of M&S tools is by defining whether or not the model
represents purely a function (or functional system) or if the model is dependent on the physical
form of the product. The terms used to describe these two types of M&S are functional and
physical. The utility of these two model types is necessarily dependent on the requirements that
are being modeled. Functional M&S has the advantage that it models only the functionality of
the system and is therefore independent of any physical point solution. In contrast, the physical
M&S has the ability to relate form concepts that are important to communicating with some
stakeholders, as in the case of Pilot Vehicle Interfaces.
Modeling and Simulation Effectiveness
In the previous section, the quick and continuous growth that modeling and simulation has
had on the defense acquisition process was explained, but what measures are in place to access
and improve the process? The overall influence or effectiveness of M&S as a tool to program
and enterprise performance, is something that is yet to be determined. There are no ROI
measures that are used to justify their payoff and existence. However, there have been a few
studies into the effectiveness of modeling and simulation in military acquisitions. Most
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noteworthy is a study by the Director, Test, Systems Engineering and Evaluation entitled "Study
on the Effectiveness of Modeling and Simulation in the Weapon System Acquisition Process". 38
The study was produced to identify the impacts that modeling and simulation tools and
activities were having on the acquisition of DoD products. There were a number of relevant
observations that came from that study which directly impact this research. First, this study had
very similar objectives to this research, but with a different approach and a different phase of
acquisition. The study achieved its conclusions from site visits to 11 program offices, various
R&D labs and multiple policy makers. In addition, the study focused on concept development
through testing. However, the study explicitly avoided the impact of M&S on requirements
generation to keep the study more focused.
The study, although focused on concept development through testing, generated many of
the same conclusions that were found in the process of this research. Many of the same cultural,
technical and process specific characteristics of M&S arise in all of the phases of acquisition. It
is important to understand relative importance to each of these issues. In the same was it is
important to understand the highest payoff points for the use of M&S. In this way, our
investments have the highest leverage for improvement.
38 Patenaude, A. e. a. (1996). Study on the Effectiveness of Modeling and Simulation in the Weapon system
Acquisition Process. Washington, D.C., Science Applications International Corporation.
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Chapter mII presented the requirements generation process, and chapter IV presented the
role of M&S within the acquisition process. This chapter focuses on the identifying what role
modeling and simulation is playing in the requirements generation system of acquisition today.
In order to obtain the current state of M&S in the generation of system level requirements, over
14 program offices and their respective contractors completed a survey documenting their use of
M&S, benefits and obstacles. This chapter presents the result of that survey. The data is
presented in a normalized manner such that the response identities are hidden in the data. An
inherent fault to this research is the small sample size from which the data must come. Although
the number of respondents is relatively low, 22, the overall broad perspective achieved is rather
extensive. Statistical significance of the trends and confidence of the data are certainly targets
for argument, but the trends of the data in hand can be met with little argument. The complete
distribution list is listed in Table 5. The complete text of the survey can be obtained in Appendix
A.
The survey was broken into five main sections: 1) strategy and planning, 2) M&S
development and management, 3) tool types, 4) benefits of M&S use, and 5) obstacles to M&S
use. The remainder of this chapter is structured to present the survey data in a similar structure.
Table 5: Modeling and Simulation Survey Distribution
Government User Community Industry
F-15 F-22 Lockheed, Fort Worth
F-16 JSF Boeing Space
F-22 B-2 Boeing West
F-i117 C-17 Lockheed Missiles & Space
__ _ _____
Government User Community Industry
JSF B-1B Lockheed Electronics & Missiles
B l-B F-16 TRW
B-2 F-15 Hughes
C-17
GPS
SBIRS
EELV
MilStar
Airborne Laser
Space Based Laser
UCAV
JASSM
THAAD
Strategy and planning
Understanding the management structure and strategy is key to understanding the context
of the current state of the M&S usage in the requirements generation system. In an effort to get
the program strategy, questions were asked of the plan and rationale. The first of the questions
focused on the level of planning involving M&S within programs. About 1/3 of the respondents
relied on a formal documented planning process, while another third said the program strategy
was contained in a common understanding but no formal documented plan was in place. The
final third is using M&S on an ad hoc basis or not utilizing M&S in the generation of
requirements or were not utilizing M&S at their organization. These are demonstrated
graphically in Figure 17. However, looking at individual programs between contractor and
program office, it was clear that no single program demonstrated an overall programmatic formal
Aerojet
Northrop Grumman
Applied Material
SAAB(Non-US)
plan for modeling and simulation use. The presence of planning is very important to further
improvement of M&S usage within the program, as well as for future acquisitions.
Common
Understanding
41%
No Clear
Strategy
11% Not Used
11%
Formal
Documented
Plan
37%
Figure 17: Level of M&S Planning
Other questions about M&S strategy were asked also. There were two main questions to
this end. First, what was the rationale for using M&S in system requirements generation. The
results from this question paint a picture that M&S is aiding in the requirements generation
process and that M&S is done in support of that process. A majority of responses focused on the
perceived benefits that the tools offer, while also using the tools to remain competitive with other
programs/contractors. The results of this response are put forth in Figure 18.
~ ___ _,_
Figure 18: Rationale for M&S use in requirements generation
Although the benefits of the M&S tools can be considerable, so too can the resources
devoted to the production and management of the tools. Within this research there was an effort
to characterize the level of effort being directed towards M&S, and more specifically toward
M&S in requirements. The responses presented some very different resource allocations.
Indeed, the allocations were not even proportional to program size. Through the survey,
respondents were asked the number of Full Time Equivalents (FTEs) devoted to M&S and the
percentage of that value tied to the generation of system level requirements. These levels are
shown in Figure 19. The varying levels that can be seen are due to the various plans that exist.
This figure also does not include capital investment in the tools, which could certainly be a
confounding factor to utilizing only this as the "cost" variable in assessing M&S benefits.
Perceived Net Benefit
Necessary to Be Competitive
Contractual Requirements
Other
Dictated by Policy
Not Used
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Figure 19: Full Time Equivalent Allocations to Modeling and Simulation for Requirements
Generation
The strategies that were important to the modeling and simulation effort were also
investigated through the survey. Respondents were asked how the following five M&S
competencies were prioritized with their plan.
* Reusing M&S from previous programs
* Ensuring M&S reusability for future programs
* Ensuring necessary M&S output information available at the right place right time.
* Using M&S information in the IPPD environment as a communication tool
* Implementing lessons learned from other programs M&S experiences
These characteristics were found throughout the literature and site visits as reoccurring themes in
the strategic use of M&S in acquisition efforts. The results of the question are presented in
Figure 20. The dominant goal of their M&S strategies was to provide the M&S information at
the right place and right time. It is interesting to note that one of the principles of lean is the
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delivery of the right product at the right place and right time. The connection from the lean
principle to the M&S strategy is very clear. The utility of information or products not only
depends on the quality and cost, but also sometimes more importantly the access and timing of
the products.
An interesting observation from Figure 20 is that the lowest valued competency was
creating M&S that are suited for reuse in the future. This illustrates the way the current
acquisition system works against M&S reuse. Program Manager accountability is to produce
specific products within cost/time profiles. This runs counter to reuse, which calls for added up-
front investment to produce reusable products and dependence on products developed outside of
PM's span of control.
Figure 20: M&S planning strategies
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This section explored the planning and resource allocation for M&S activities. It
demonstrated that significant effort in terms of planning and resources is taking place in the
modeling and simulation activities within the generation of system level requirements on many
programs. However, it also showed that there is little consistencies across programs, as to
planning and execution. It also exposed the themes that are important in the strategies of the
planners, most significant being the theme of M&S information available at the right place and
right time.
Development and Management
A collective overview of who is developing and managing the modeling and simulation
that are of interest is presented in this section. Through examining this we can identify the trends
in areas of centralized and decentralized management of the tools. Centralized management is
considered the program oversight of the M&S, while decentralized management allows the
contractor to develop and manage the models internally.
Who is producing these M&S tools is very important. In most cases, it was seen that the
contractor was producing these tools, as shown in Figure 21. This is most likely very good news
for a number of the programs, as much of the program responsibilities are shifting to the
contractor from the program office. This responsibility of M&S development provides the
contractor an easier option to extend these models for downstream development. The continued
use of the models developed at the requirements stages of the program and used for continuous
development and resolution enhancement can save a great deal of money over new model
development at each start of the development process.
Figure 21: Who is developing the M&S tools?
Management responsibility of the M&S tools was found to belong predominantly to the
contractor and the program office, as shown in Figure 22. The increased role of program office
management is interesting to note that while only 52% reported M&S development internally,
nearly 70% reported that they managed the M&S effort directly. Many programs have or are
moving away from this centralized M&S effort. The oversight that the program office provides
is being reduced, which creates more freedom for the contractor that comes also with increased
program risk responsibility.
Independent Other Government Program Office Prime System
Contractor Agency Contractor
Figure 22: Who is managing the M&S tools?
Tool Types and Trends
The tools that are being used for each characteristic of a program can be very different in
model type and in effectiveness to each program. The method for assessing the types of M&S
tools used was based on the levels and classes of M&S that was laid out in Chapter IV. Exact
tool names and types were not sought after in this research. Some companies reported using as
many as a couple hundred M&S tools internally. It was therefore concluded that a better
research approach would be to classify the different types of modeling and simulation that were
being used to develop the different system characteristics. The different characteristics explicitly
asked about are listed in Table 6.
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Table 6: System Characteristics
This question resulted in the smallest response rate, but provided some insight into
various types of M&S being used in differing programs. All of the space related programs
responding were primarily dependent on functional simulation for evaluation of their system
requirements. This differed greatly from the aircraft programs that use and rely on physical
simulation a great deal more. Interpretations from the small sample responding can be debated
but conversations with the user community back up the observation that the physical concepts
associated with human piloted vehicles have a great deal of impact on requiring the use of
physical M&S. Because the physical layout, structure and appearance are interpreted as more
significant in aircraft programs, these drive the types of M&S used.
Added Benefits of M&S
From the surveys, the use of modeling and simulation is a considerable benefit to all the
programs responding. The trend of utility was varied from somewhat useful to critical
usefulness, but overall was positive about the benefits of M&S in requirements generation. The
results of the question of usefulness are illustrated in Figure 23. This is positive information and
can be interpreted to say that why we use the M&S, for perceived benefits, are actually coming
to fruition and contributing significant usefulness to the program.
Figure 23: Perceived overall usefulness of M&S within the generation of system
requirements
After, the initial understanding of overall usefulness, the goal was to understand the exact
nature of the impacts. This assessment was done on three levels: what are the program/product
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impacts, what are the process impacts, what are the people impacts? The three different aspects
were used to cover all bases of product, process, and people.
The first to be investigated was the program/product benefits that were obtained. All of
the areas identified were from moderate to high benefit in the scope. No real trend or outliers
were seen, although rapid, early proof of concept and technical risk reduction were identified as
the highest benefit areas, as shown in Figure 24.
Figure 24: Perceived Product and Program Benefits of M&S in Requirements Generation
The data collection of process benefits presented even less interpretable trends in the use
of M&S in requirements generation. The contributions to all process steps were significant, with
the two highest payoff areas appearing in the establishment of performance ranges, and
requirements verification, as shown in Figure 25.
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Figure 25: Perceived Benefits of M&S to the Requirements Generation Process
Finally, the benefits were assessed to the different parties involved in the requirements
process. Again, there was little trend to be seen in this data. The importance of M&S appeared
to be greatest to the requirements analysts. These results are illustrated in Figure 26.
Program End User Design Customer Requirements
Managers Engineers Analysts
Figure 26: Perceived Importance of M&S to the stakeholders of the requirements
generation process
It is clear that the overall perception of the industry is that M&S is facilitating and
significantly benefiting the requirements generation process. The next question on the survey
asked how these benefits were being measured. The overwhelming respondents said that there
was no means for measuring these benefits, as shown in Figure 27. This trend strengthens the
position that although, M&S is perceived to have benefits and probably does, there is no
understanding of how it impacts the requirements process and what the high leverage areas are
for investment.
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Figure 27: How do you measure the benefits of M&S?
Barriers to Further implementation
Once benefits have been identified, the survey then inquires about the obstacles currently
in the process preventing the better use of M&S in requirements generation. The barriers were
based around three main associations, people, process and technology. These are three
reoccurring themes throughout this project and other M&S studies. Examples of people
obstacles arise from the interactions of people or the actions or acceptance of people to process
or technology. Examples of technological obstacles are lack of computation power, lack of
interoperable tools, and tool limitation. Examples of process obstacles are verification and
validation, and limited availability of historic models. These obstacles sometimes include
coupling amongst the people process and technology themes as shown in Figure 28.
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Figure 28: Reoccurring Themes
An obstacle that resides in all three, for example, would be lack of resources. The results
of those surveyed as their obstacles in shown in Figure 29. It is interesting to note that the
perceived "people" obstacles are fairly low. A good majority of the issues seem to be part of the
technological and process themes. This was an interesting result, and did not reflect the
researcher's expectations. It is good news though, in that technological and process obstacles can
generally be overcome through increased, efficient use of funding and resource allocation.
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Figure 29: Perceived barriers to M&S usage in requirements generation

This research provides information to individuals from M&S developers to requirements
engineers to policy makers. The focus of this chapter is to lay out the information presented in
this paper and map that with respect to ongoing initiatives. These initiatives are military thrusts
in directions of programmatic improvement; put forth as a result of lessons learned or shifts in
military philosophy and resources. Much of the research conducted in the Lean Aerospace
Initiative is used by the decision-makers as sources of information from an "honest broker"
standpoint. With regards to policy issues, this research does not look to make policy
suggestions, but simply raise awareness of information that could be useful in the execution of
current and future policy.
The guidance and vision that overarching initiatives provide allow for clarity and
cohesion to a set of practices, processes or theories. The Lean Aerospace Initiative is itself an
overarching initiative embraced by much of the acquisition community as a vehicle by which
cycle-time and total life-cycle costs can be significantly reduced. In a similar manner, the
following outlined initiatives have visions for programmatic improvement through
implementation of practices or thinking centering on the issues of increased focus on
affordability and early involvement of stakeholders throughout the development process.
Performance Based Requirements
Performance Based Requirements target what the system should do not how the system
should achieve those results. In this way the contract should not dictate the physical form or the
execution with which the functionality is achieved. This provides the opportunity for more
innovation and options for competitors on the contractor side, and less oversight and over-
specification on the side of the program office. This military push of a concept that has always
been inherent to good systems engineering is important to this research because it highlights
some of the issues brought up in the establishment of effective requirements.
Total System Performance Responsibility (TSPR)
Issues associated with TSPR are driven in large part by the downsizing of system
program offices and the acquisition reform lightening bolt to that regard. The lightening bolt,
bolt #3 emphases the downsize of SPOs consistent with smart acquisition tenets derived from
pilot lead programs and to plan smartly for reality of downsized workforce. 39
The responsibility of the program is often spread amongst a number of organizations. In
doing this the risk is distributed, but so too is the blame should anything not proceed as planned.
The allocation of Total System Performance Responsibility (TSPR) is a step to assign a single
organization, the TSPR contractor, the responsibility of the program that comes with increased
benefits with good performance and penalties with under-performing programs. This type of
contracting is increasing in use as program offices reduce size and budget and no longer are able
to take the oversight role that was so prevalent in past programs. On many levels the TSPR
philosophy is moving closer to commercial contracting, and the program offices are becoming
more like lean customers supplying information and insight, but stepping away from the
oversight and inspection.
Cost as An Independent Variable (CAIV)
CAIV is aimed at bringing affordability to the forefront of product development, from
requirements definition onward. CAIV stresses the use of trade-off techniques to meet objective
costs and system performance through a much stronger role with the user for continuous program
adjustment. Some of the key objectives are:
* Setting realistic but aggressive cost objectives early in the acquisition program
* Managing risks to achieve cost, schedule and performance objectives
* Devising appropriate metrics for tracking progress in setting and achieving cost
objectives
* Motivating government and industry managers to achieve program objectives
* Putting in place for fielded systems additional incentives to reduce operating and
support costs 4
Figure 30 illustrates the price that it takes to remain on the cutting edge. Two charts are
shown. The first depicts the cost associated with procuring a microprocessor in 1996. This chart
was used by Dr. Edmund Conrow to illustrate the costs associated with high performance and
cutting edge. In 1996, cost difference between 150MHz and 166MHz processor was 45%
increase in processor price, while only resulting in an 11% increase in performance. In 1999, a
similar 11% increase in performance from the 400MHz to the 450MHz processor incurs a 61%
increase in purchase price. This illustrates the importance of knowing the performance that is
needed to get the job done and the price that will be paid if performance is the single most
important factor. The CAIV initiative was aimed at combating the performance tunnel vision that
has plagued programs in the past.
39 Acquisition Reform Lightening Bolt Initiative #3, released Nov 6, 1995 by SAFIAQ
40 Cost as an Independent Variable Policy Paper, CAIV Working Group, Jan. 1996.
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CAIV does have some of the characteristics of much earlier initiatives like Design-to-
Cost, but as Dr. Paul Kaminski pointed out at the Air Force Conference on CAIV in July 1997,
CAIV seeks to involve the user, sustainer, and acquirer much earlier in looking for cliffs. "Five
percent of the performance may be worth fifty percent of the cost--the issue is to understand
that." Dr. Kaminski also noted that it is not simply determining the price the market will bear,
subtracting the profit margin, and thereby setting the cost. He pointed out the previous, serial
process, Design-to-Cost, looked at cost after 80% of it had already been determined. He
proposed that instead, CAIV involved all stakeholders, including the financial department, for
early flip back and forth between cost, performance, design, and schedule.
41 Adapted from Conrow, D. E. (1996). "Some Potential Benefits of Using Cost as an Independent Variable
in Defense Programs: A Step in a Different Direction." Program Manager(November-December 1996).;
and survey of Intel Processors 1999.
Some of the flagship programs of the CAIV program are also the same as many of the
other initiatives outlined here. They include the Advanced Amphibious Assault Vehicle
(AAAV), the Joint Direct Attack Munition (JDAM), the Joint Strike Fighter (JSF), and Space
Based Infrared Systems (SBIRS).
The first two objectives of the CAIV initiative map directly to and require the continued
use of modeling and simulation within the generation of system level requirements. First, setting
realistic but aggressive cost objectives early in the acquisition cycle will require early and
continuing development of users role in requirements definition as well as the continued usage of
modeling and simulation throughout development. In addition, the evolution and use of cost,
schedule and performance risk modeling and simulation will continue to have impacts on
program success.
Simulation Based Acquisition (SBA)
Simulation Based Acquisition (SBA) is more a vision than an initiative at this time. But
its significance to the importance of this research cannot be underestimated. The vision of SBA
is to enable the IPPD process through the complete exploitation of M&S for the purpose of cost
and schedule reductions while achieving significant improvement in product performance. This
is the initiative to which this research has the most direct applicability.
SBA: The Policy
The SBA policy is in a very fluid stage of development. Policy workshops are still being
conducted and much of the implementation of the initiative is still under debate. Therefore, most
of the policy documentation is still treated as draft. Described below is the current state of SBA
policy as of 3/99 as distributed by the DoD.
Need Statement
The need statement is used to define the preliminary requirements necessary for an
"acquisition system that leverages the inherent strengths that exist today in modeling and
simulation enabling technologies, processes and methods." The threat that the need statement
addresses is those inadequacies, inefficiencies, and constraints within system acquisition.
These inadequacies are manifested in a number of forms, such as product obsolescence,
lack of timely product delivery to the warfighter and a lack of an environment suitable to a
highly collaborative environment among interdisciplinary and distributed IPTs. Obsolescence is
due to the long development cycle that has become inherent to DoD acquisition. Upon
completion of a product, the product is often no longer "state-of-the-art", and therefore is less
effective in service to the warfighter. In addition, this long development time, averaging 8-10
years, keeps the warfighter from having these products faster. This results in product ideas and
concepts that have to be very far-reaching and predictive, rather than solely what is needed
today. This often results in concepts that are dependent on undeveloped technology. IPTs are
becoming an integral part of the acquisition process, and yet there is still not an environment that
is truly supportive of their collaborative.
It is the conclusion that Simulation Based Acquisition is the system that will satisfy these
identified deficiencies. It is also a conclusion that although previous initiatives have relieved
some of the regulatory and milspec burden, there is no reform to achieve the level of reform
envisioned in the DoD.
Definition
The Simulation Based Acquisition initiative emphasizes the use of simulation and
modeling in all stages of the life cycle, in order to produce higher quality, better understood
products faster, and at a lower cost. This initiative calls for the products to be completely
modeled and simulated from the initial user requirements through disposal of the product.
SBA calls for the "testing" of digital representations of the product against digital
representations of the environment in which the product could exist. This is not to be used as an
addendum to the current testing of physical product representations; it is to be used as a
replacement process. The main purpose of any physical prototypes will be solely for
model/simulation validation.
The initiative also calls for continued use of Integrated Product Domain Teams (IPDT) to
accomplish the initial requirement analysis and option development. These teams will involve
the integration of all stakeholders: cost analysts, users, suppliers, manufacturers, etc. Because of
the nature of these teams, a significant amount of information sharing, and standardization will
be necessary across customers and suppliers.
These IPDT's are responsible for digitally assembling the collection of subsystem models
that are submitted into a single system model that can be tested as mentioned above. Within this
process, it is believed that the customer and supplier will have the necessary and complete
information needed to make "minimal risk decisions" in selecting products to transition to
production.
Alone the definition document does not define Simulation Based Acquisition. Actually it
only addresses a relatively small portion of it. That is the benefit of stopping programs that are
too risky by digitally testing them through their life cycle. There is actually a great deal more
which should be included in the definition, and at the same time less emphasis should be placed
on this single aspect.
SBA Functional Description
The SBA Functional Description document is intended to "pin down" exactly what is
meant when SBA is referred to, and also to provide a foundation for debate and development. It
is the most complete of the documents available in terms of describing the scope of Simulation
Based Acquisition.
This document calls out the mission, purpose and vision of SBA as being the following:
Mission: Reduce total ownership cost by 30% and system acquisition schedule to IOC by
50% while improving system quality. This encompasses the full scope of acquisition reform of
which SBA should play a major role.
Purpose: Facilitate enterprise-wide, collaborative decision-making across the acquisition
life cycle through:
* Maximizing the use of relevant acquisition information, simplifying the process of
capturing, managing and assessing that information.
* Reducing the time and cost of decision-making.
* Allowing full assessment of decision consequences prior to commitment.
* Opening communications across all levels of the enterprise.
Vision: An acquisition process where DoD and Industry are enabled by the robust
coordinated use of simulation integrated throughout acquisition phases and programs. The goals
of SBA are as follows:
* Substantially reduce time, resources, and risk associated with the entire acquisition cycle.
* Increase the quality, utility, and supportability of fielded systems, while reducing the total
cost of ownership.
* Enable Integrated Product and Process Development throughout the acquisition life
cycle.
The scope of SBA spans three main components that must be in place to achieve the
success that is being sought. These three components are found in the forms of new acquisition
culture, process, and technical environment. The culture change that is necessary will emphasize
early involvement of stakeholders, reuse of modeling and simulation tools and data, a
collaborative and open development environment, and supportive management structures. The
process change will require a refined process in which models, simulations and data are
developed, managed and reused throughout the life cycle. The final component for the paradigm
shift to SBA is the need for a technical environment that supports seamless, geographically
distributed collaboration across acquisition phases, disciplines, without compromising data and
models.
Concept of Operations
The concept of operations goal is to develop enough of an idea into what operations will
be necessary for the execution of SBA so as to explain what SBA is and what requirements are
necessary to achieve the goals. This document lays out responsibility for execution of SBA
operations as well. The Con-Ops looks to describe a process to satisfy the DoD needs while
keeping in sight the following assumed industry interests:
* Support DoD needs while maintaining industry viability
* Produce products consistent with each company's long term goals
* Protect proprietary information
* Make a profit
Prerequisites for Effective Implementation of SBA
The first thing that is needed for SBA to work is a central System Information Repository
(SIR). This is used to hold and disseminate all relevant information about requirements, system
concepts, and any other data pertinent to the product development. This SIR is under the control
of the Program Manager (PM); however, all government and industry program participants have
access to it.
The next step is to layout the structure and organization of the IPPD, and membership
and responsibilities on the IPT. This includes collecting the proper stakeholders to the program
and identifying the contributions and relationships of each. Each of the members will be
designated to functional areas, and correspondingly each functional area is responsible for
various segments of the overall system concept model. It is therefore imperative to establish the
links between each of the functional groups to facilitate communication and integration of the
pieces into the total model.
Next there must be a strategy of creating, and executing these system models in
simulations, as well as strategies for integration of the results into the SIR. Gates will most
likely be necessary between levels of resolution on system concept models.
The existence of design issues and inevitable design changes requires quick decision
making by the right people as well as the rapid notification to other. This structure for the
decision making process and the communication channel must also be in place for SBA to prove
effective.
Finally, there must be cost and schedule projections derived from each system model.
These are then used by the PM and IPT members to evaluate and justify further design of each
system model.
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Real Operational Need Application of SBA
A feasible implementation of SBA to satisfy an operational need is laid out in the Con-
Ops. There are five segments defined in this implementation: 1) formulation of an operational
requirement, 2) development of system concept, 3) preliminary design effort, 4) detail design
competition, and 5) preparation for deployment.
Simulation Based Acquisition can be used as a means for formulating an operational
requirement. The decision-makers can use the tools of SBA to generate necessary decision
information. One vision is that decision-makers will make use of Joint Simulation Environments
(JSE). Through the use of these joint efforts, several common capability shortfalls can be
articulated among different offices or forces.
The next implementation of SBA is in the development of a system concept. From the
observations of the JSE, work will be initiated based on preliminary results. Once these results
in the form of Integrated Priority Lists (IPL) are created, formal charges are made to the services
for recommendation. These recommendations then come from work in the JSE, where all parties
are utilizing the same data bases retrieved from the SIR. These recommendations can be
evaluated through reuse of the agreed scenarios that the original decision makers, usually
Commander in Chiefs (CINCs), used in their operational requirement work.
Following the development of a system concept, possible contractors are selected and
given access to the JSE for preliminary design. Prior to introduction into the JSE, some
contractors have been following the alternative concepts and have assessed them in their
respective simulation environments, which are compatible with the DoD facilities. The
contractors then integrate into the scenarios technical approaches to achievement of the
recognized capability shortfall. One important point in this implementation of SBA is that the
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SIR and JSE will be available to all participants, only select government offices or honest
brokers are privy to the proprietary information contained in the models. The final stage of the
preliminary design efforts is the identification of several technical approaches with
corresponding estimate of performance and cost.
The detailed design begins next in the next implementation point of SBA. Two of the
recommendations made to the Joint Staff are selected for more detailed assessment. These
results in the reduction of some contractors entirely while several others may form competing
teams. These competitive teams then extend the simple models, using SBA, into smart product
models that are evaluated at performance platforms in terms of cost and schedule estimates.
From these results, the DoD releases a performance-based request for proposal (RFP). From this
request, contractor teams submit bids, including their detailed product models, as well as,
proposed cost and schedule. Selection is made from these bids, and much of the contract's
incentive payments are dependent upon the product performing at the simulated level.
Finally, the preparation for deployment is seen as another implementation point for SBA.
Continually evaluations and reviews are presented through the JSE to decision-makers to retain
confidence and future funding. Before production, the JSE facilitates the establishment of
doctrine for a system yet produced. This done in parallel with the system design allows for faster
and more useful feedback because of the common environment. In addition, it provides that
training and tactical procedures are in place to support operational test and evaluation.
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This chapter presents a summary of conclusions developed through the course of this
research. The chapter begins with an explanation of how M&S in requirements generation
should be considered a lean practice. Ties between principles of lean and the importance of
understanding the role of M&S in requirements generation are then presented. The distinctions
in the data that were observed as well as the common threads that are seen across the industry are
then discussed. Next, two main benefits are discussed as well as possible methods for their
measurement. Using these observations, predictions of the future direction of M&S in
requirements generation will be presented as well as suggested future research areas.
M&S in Requirements Generation Is a "Lean" Practice
'Lean' is the search for perfection through the elimination of waste, while providing desired
stakeholder value. This is achieved by the insertion of practices that contribute to reduction in
cost and schedule while maintaining or improving the high quality and performance of products.
This concept of lean has wide applicability to a large range of processes, people and
organizations, from concept design to the factory floor, from the laborer to the upper
management, from the customer to the developer. But how does the theory apply to the use of
M&S in the generation of system level requirements?
Identifying Ties to the Lean Enterprise Model
The Lean Enterprise Model (LEM) provides a framework for the organization and
distribution of the LAI's research findings. The LEM was designed for the following purposes:
* A reference tool to assist in the self-assessment of leanness.
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* A guide for identifying leverage points for organizational change.
* A tool to encourage the development of new lean paradigms relating to the design,
development, and production of military aerospace products.
It is intended to help "leverage opportunities for organizational change and support future
lean efforts."42
The foundation of the LEM is based on four enterprise wide principles. These four
principles can be mapped to the themes at the heart of Lean: Value, Flow and Pull, and
Perfection.43 The Value theme in the LEM is represented by the "Right Thing, Right Place,
Right Time, Right Quantity" and the "Optimal First Deliver Unit Quality." The Flow and Pull
theme can be extracted from the "Effective relationships within the value stream" meta-principle.
(These relationships not only refer to the relationship of people and organizations, but also the
relationship of process and products.) The final theme, Perfection, maps directly to the
"Continuous Improvement" meta-principle in the LEM. It is from these three themes that all
Overarching Practices within the LEM flow. The LEM framework consists of 12 Overarching
practices, with corresponding enabling practices into which research results are directly mapped.
This framework is shown in Figure 31.
42 Lean Enterprise Model, Lean Aerospace Initiative, Massachusetts Institute of Technology, July 1998
43 Womack, J. a. D. T. J. (1996). Lean Thinking. New York, Simon & Schuster.
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Figure 31: Lean Enterprise Model Framework
This research directly maps to the overarching practices of the LEM. Most significantly
the use of modeling and simulation is an enabler to "implement Integrated Product and Process
Development" through the establishment of common objects of collaboration and tradeoffs. In
addition, M&S supports the ability to "maintain the challenge of existing processes" and to
"ensure the capability of the process for the future."
Implement IPPD
Integrated Product and Process Development is the use of "an integrated team effort of
people and organizations which are knowledgeable of and responsible for all phases of the
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product's life cycle from concept definition through development, production, deployment,
operations, support, and final disposal.""44
This "Overarching Practice" lends itself to a number of aspects of this research. First the
use of M&S tools has the potential to ease information exchange between parties. It permits the
evaluation of information from a number of viewpoints and can help to quantify thought among
team members from different backgrounds. Modeling and simulation in this way serves as a
boundary object during the development of requirements. Boundary objects refer to those tools
that enable or support the communication of knowledge across boundaries. These boundaries
might be organizational, professional, cultural, or any other boundary that inhibits the
communication process.
Second, an intrinsic benefit of IPPD is the development of good requirements through
utilization of the group's combined knowledge. This is illustrated through a glimpse at the Space
Based Infrared Radar System that utilized a team approach very early in the process to generate a
short list of high impact, mission essential requirements from which conceptual trades could
begin. The team included the communities who would be involved in the product development.
From this team approach during the "summer study" in 1994, the group and program
management felt very satisfied with the progress and outcomes of the meeting and felt the
process was critical to the programs success.
Maintain Challenge of Existing Processes and Ensure Process Capability and Maturation
Understanding, defining and controlling processes throughout the value stream is a
necessary aspect of a lean enterprise and is described within the LEM by two overarching
44 Ibid
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practices: "Maintain Challenge of Existing Processes" and "Ensure Process Capability of
Maturation". M&S improves the value stream by allowing for more iteration at earlier stages of
product development. This does not remove the possibility of rework downstream, but it does
reduce the probability or rework that could otherwise be avoided through better exploration of
the solution space. The relationship of M&S and the value stream are discussed in the next
section.
Understanding Requirements Generation in the Value Stream
The concept of a value stream is foundational concept of 'lean'. The value stream is the
documentation of all activities necessary to fulfill the process objectives. 45 The value stream is
an essential tool to understand and improve any process. The existence of multiple value streams
is also important to understand. While the ideal requirements generation system has a
conceptual picture of one flow, there are multiple value streams that influence the requirements
generation process, as shown in Figure 32. There were three main value streams identified with
requirements generation in military acquisitions. The first is the military requirements
generation value stream that includes the user needs elicitation and periodic reviews and updates
to the requirements as the program progresses. The second is the program funding value stream
that influences the requirements by holding the money that is needed to fulfill the requirements.
The third is the contractor requirements generation process that includes most of the validation of
the requirements that are desired and those that can be achieved. These three value streams are
illustrated in detail in Figure 33, Figure 34, and Figure 35, respectively.
45 Womack, J. a. D. T. J. (1996). Lean Thinking. New York, Simon & Schuster.
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Figure 32: Multiple Requirements Value Streams
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* Note: This is an option if the level of development
of the item is sufficient at this time.
Note: I
This overall technical requirement
includes the ORD requirements. It
is also derived from such sources
as the:
- Acquisition Strategy
- Acquisition Program Baseline
- Data requirements
- Supportability analyses
- Test and evaluation plan
- Manufacturing plan ,
is incorporated into the contract
Figure 33: Military Requirements Value Streams'
46DoD (1998). Communicating Requirments. Washington, D.C., Office of the Under Secretary of Defense
(Industrial Affairs and Installations): 78.
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Underlying Funding Considerations:
Financial Constraints in Budget Year
Poorly Justified Programs
Large Unaffordable Funding Profiles
Improvements to Retiring Systems
Duplication of Effort
Slow Execution/Expenditures
Poorly Managed Programs
4th Quarter Contract Awards
Figure 34: Program Funding Value Stream
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Figure 35: Contractor Requirements Generation Value Stream
Modeling and simulation aids the overall requirements generation value stream in three
ways: value-addition, value-creation, and value capture. These three aspects are described
below.
* Value-added: M&S can be used to ease the interfaces in the value stream. It can also
allow the reduction in time or even removal of downstream activities through iteration
and risk reduction.
* Value-created: Information from M&S can be used for decision making and prioritization
of requirements. A number of survey respondents wrote that M&S had been extremely
helpful at the milestone decision points through presenting technical assessments of
candidate requirement sets.
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Value-captured: All work done through M&S can be captured and reused. This
important and prevailing concept of M&S reuse aligns itself along three dimensions.
These dimension of reuse are 1) within program phases, 2) within program and across
phases, and 3) across programs, as illustrated in Figure 36.
Figure 36: M&S reuse across dimensions47
The Underlying Benefits of M&S
This section describes the two main underlying benefits of M&S. The first is M&S in
requirements is a tool that allows not only more extensive, but more effective exploration of the
solution space. The second is that modeling and simulation during requirements generation
serves as a common interface for many perspectives, organizations and individuals. As such, it
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serves as a boundary object that supports communication by presenting information in a variety
of forms that can be tailored to display what is necessary for one organization, group, or
individual to understand while hiding what is not necessary.
Exploring the Solution Space
One of the key uses of M&S is to facilitate in targeting desired needs and expectations to
those that can be physically achieved. In this way the tools assist in the trade-off process. If the
ideal system is the system envisioned by the customer, then it is realized that the delivered
system could fall short, meet, or exceed those expectations. So how can we calculate or
demonstrate the traits or properties of that ideal system such that we can approach and meet that
system most effectively. At the same time, it is important that if the ideal system is impossible to
attain the information is passed to the customer as soon as discovered. Modeling and simulation
is a tool that facilitates the exploration of the solution space and presents options and alternatives
to the developer and customer that could otherwise not be achieved.
If we think of the requirements of a system as array elements of a solution we could
X =(x,x....
describe the entire system concept by a simple array,
An inherent assumption of this approach is that all requirements can be quantitatively and
discretely categorized. With this framework, concept X' has the characteristics of x', = coverage
of 200km, x12 = 24 communications, etc. With this framework an N dimensional space can be
envisioned that represents all possible combinations and sets of requirements. This is pictorially
represented in Figure 37. The establishment of the boundaries of the feasibility region and the
47 Johnson, M., Mark McKeon, Terence Szanto (1998). Simulation Based Acquisition: A New Approach.
Fort Belvoir, VA, Defense Systems Management College., p. 2-8.
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exploration of this space are the chief motivators for M&S use in the generation of system level
requirements.
Figure 37: Requirements Space
Allowing for more iteration at the early stages of development decreases the probability
of iteration and rework downstream. System Dynamics has shown that often the greatest source
of schedule and cost overruns is the rework cycles that are inherent to complex system
development. M&S are really tools that allow quick rework and iteration at the start of
development. They do this through simplification of the problem into a model whose results rely
only on the inputs that are provided. Because of this, many more options can be explored. One
program manager commented that the traditional method of program progression might change
through the use of M&S. He commented the "normal" progression was to 1) define the
requirements, 2) create a design based on the requirements, 3) enter and win a proposal, and 4)
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work to make the design producible. He suggested that more accurate M&S could provide
exploration of the solution space for designs that would reduce the risk of the "normal" program
progression.
M&S as Knowledge Boundary Objects
The information, the perspective, the background of functionally trained individuals is
often the characteristic that allows them to succeed within their functional area. However, this
adaptation, and assumption of perspective can hinder cross-functional or inter-functional
communication necessary for requirements generation. Models are the simplification of a
system of behaviors and characteristics to a state where the necessary information for the
evaluation of the system is presented through hiding some knowledge and showing other. M&S
allow a means for various disciplines, functional groups and organizations to have a common
frame of reference. In this way, M&S serve as boundary objects facilitating the communication
and translation of knowledge among different people. Boundary objects are vehicles by which
organization borders can be transcended. Paul Carlile in his Ph. D. research pointed out four
critical features to effective boundary objects.
First, the boundary object must give perspective on the various kinds of knowledge that
are involved and at stake, therefore making it useful to all those who touch or use it. Second, the
object must be tangible and concrete. Therefore, the more realistic and defined it is the greater
degree of utility that will be obtained from the object. Third, the object must be accessible and
timely, so that individuals working with it can come to depend and trust in its utility. Finally, the
48 Adapted from Hall, A. D. (1989). Metasvstems Methodology A New Synthesis and Unification. Oxford,
England, Pergamon., p 103.
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boundary object must be loosely defined enough to be useable in practice. 49 Understanding that
modeling and simulation can provide functionality as boundary objects reveals the utility that
they have in the generation of system level requirements, arguably the point in the development
of products when the most organizational interfaces are interacting.
Identifying Common Threads
This section describes common crosscutting issues that became evident through the
research. There were three common threads that existed regardless of program type size or even
phase. These were 1) common obstacles to more effective M&S usage, 2) the perception of
M&S utility in facilitating requirements generation, and 3) the lack of measurement for M&S.
Overcoming common boundaries
Across the military aerospace industry, there exists commonality in the barriers that
programs are facing in the implementation of M&S in requirements generation. As discussed in
an earlier section though, the obstacles that are holding back the more effective use of M&S in
requirements generation is in the technological and process areas. The two greatest barriers
found were 1) limited model interoperability (a technological problem) and 2) the process of
Model VV&A (a process problem).
Lack of Measurement
The lack of any metric or measurement of the requirements generation process and the
use of modeling and simulation is nearly universal. This research could present no program or
49Carlile, P. (1997). Understanding Knowledge Transformation in Product Development: Making
Knowledge Manifest Through Boudary Objects. Business Administration. Ann Arbor, University of
Michigan: 188.
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organization that had in place any significant measures in place to evaluate M&S effectiveness.
There are a few reasons why measurement is so difficult. First, the effectiveness of a
requirement is difficult to measure until it has been designed to and found to satisfy the customer
needs. Second, the requirements generation process is in large part an art and as such is difficult
to measure. Finally, the impact of modeling and simulation is not understood well at any point
in acquisition.
M&S has Significant Perceived Usefulness to Process, People, and Program
The importance of M&S to the requirements process across the industry is quite clear
from the results presented. They show an outlook in which M&S is servicing and having great
benefit on nearly all segments of the requirements process, all stakeholders in the requirements
process and all of the program characteristics. This is good news and does add justification to
the thrust toward increasing the use of M&S throughout the requirements process and the
acquisition process as a whole.
Identifying Distinctions
Through the course of this project, a number of distinctions were found across programs
surveyed. The differences were across two themes: 1) programmatic differences based on the
program maturity and/or product type and, 2) perspective differences of respondents based on
their organization and/or their function in the development structure. These distinctions are
conclusions in themselves, and although are not outside of the realm of common thought, they
still put into perspective constraints that should be kept in mind throughout the application of
modeling and simulation in the requirements generation process.
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Programmatic Differences
There are two main types of programmatic differences uncovered in this research. First
there are differences that relate to the maturity and age of the program. Second, there are
differences that tie directly to the type of product that is being developed.
Programmatic differences were entrenched in the level of maturity of the program. In
talking to people at the program offices and contractors for older programs, there was a lack of
enthusiasm toward much of the modeling and simulation usage in requirements generation. This
is the result of a few different factors. First, the platform is a mature one and the customers feel
that they have a good grasp of what needs to be done on each upgrade. Second, in general there
are a lot of little upgrades programs that are being implemented at once: this in turn spreads the
functionality and complexity across multiple programs. This sometimes results in dollars and
resources being spread thinly and the lack of need for M&S. As an example, one platform had
57 separate upgrade programs occurring in parallel.
In sharp contrast, newer programs expressed more use, reliance and importance of M&S
in requirements generation. Overall they found them essential in tackling the new start,
unprecedented design. The complexity of the problem and the number of functions that the
system requirements must specify form an increasing and necessary alliance with the M&S tools.
The interactions and the requirements tradeoffs necessary for cost effectiveness lend themselves
to such tools as well.
The other programmatic difference was due to the product being developed. The sets
requirements for a satellite, aircraft, launcher, and weapons system have unique properties in
terms of how they are derived, analyzed, prioritized and executed. Much of this comes down to
how the product is operated and the human machine interface needed. For example the human
118
machine interface requirements are more closely coupled to the vehicle sizing and layout
requirements in an aircraft. Whereas, in a satellite the actual sizing and layout are influenced but
human interface is more closely tied to the software and ground station physical requirements.
Perspective Differences
There are two types of perspective differences uncovered in this research. First there are
differences that exist because of the respondent's organizational unit (user, program office,
contractor). Second, there are differences that exist because of the respondent's function in the
development structure.
The answer to the question, "What is the impact of modeling and simulation to the system
requirements generation process?" has a lot to do with what perspective the respondent is
looking at it from. The user often has a different outlook than the program office and the
program office often sees through a different lens than the contractor. The utility strikes
different people in different ways. Users generally have a much narrower concept of M&S
within the program development, while the program office and contractors have a much broader
concept of M&S as it applies to development. This sometimes leads to difficulty in answering
the question, "What is the impact of modeling and simulation to the system requirements
generation process" consistently across program offices, users, and contractors.
Within the program offices and contractors, there are a number of sub organizations.
These generally surround the multiple functional groups that exist within each. From site visits it
was discovered that one of the most striking differences was the commonality of need for M&S
metrics, but the different rationale for these metrics that existed across functions. The M&S
developers and users wanted metrics to justify the work they do for the management and felt that
these metrics would provide a level of worth to the job that otherwise does not exist. The next
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layer of management wanted the metrics to show the contractor's program office that this process
requires time and believed that with better metrics they could illustrate the amount of work that
was being pursued and the actual effort that is required for each model adjustment. They
believed this would make the contractor program office more aware of the impacts of small
changes and less likely to ask for "unnecessary" M&S work.
Measuring the Impacts
The control, measurement, and improvement of requirements generation, and any
influence that M&S may have on the process is very low. Admittedly, the requirements
generation is probably one of the easiest to blame for mistakes, but the most difficult to measure
and improve. Because it happens so early in the product development, its interactions and
impact on the overall program are difficult to understand. Most programs today, track
requirements stability and changes as the only measures for the requirements generation process.
Furthermore, there has been no real effort to track or measure the impact that M&S has had on
the process. Two possible methods for measuring the impacts of modeling and simulation in the
generation of system level requirements are presented in this section
In addition to modeling the product during development, there are also tools that model
the process of the ongoing program. This type of modeling, although not explicitly under the
M&S tools sought after in this research, could serve to help programs justify the use of M&S for
product simulation. It is highly unlikely that a program will provide two identical development
programs, one using advanced modeling and simulation and another control development. If the
parallel developments were to proceed, a true measure of the effectiveness of M&S tools could
be obtained. However, with a model of the program process, the two cases could be modeled
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without the implications of two parallel program developments. Program models, such as those
cited here do exist in a few programs as system dynamics models.
Some ways that this amorphous benefit might be quantified are through two approaches
that themselves, are models and simulations, system dynamic modeling and a design structure
method developed in LAI at MIT. Both of these methods require a great deal of understanding
of the development process and the characteristics of individual processes.
System Dynamics Modeling
System dynamics modeling is a simulation technique, pioneered at MIT by Jay Forrester,
used to evaluate system characteristics, interactions, and sensitivities. The tool has been found to
be of great use in analyzing processes whose process components and characteristics are known
and understood. Some of the areas where system dynamic modeling has been used include
increased understanding of management practices, rework cycles, sustainment and
population/inventory assessment, and many others. Some programs have used this technique to
model their complete program for use in process decisions. As a result, the actual construction
and validation of models might already be underway.
System dynamics is put forth here as a method of evaluating sensitivity analysis of the
impacts of M&S in various phases of requirements generation. This is accomplished by
mapping the process steps into a model complete with process step relationships and interactions.
To understand the impacts of M&S on the requirements process, these relationships and
interactions could be adjusted to reflect the opinions of experts on the impacts of M&S on each
process step.
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Design Structure Matrix Risk Management
The Design Structure Matrix risk management method as developed by Tyson Browning
at MIT presents some unique and interesting differences from the original use of the DSM.50 The
DSM was originally intended to only look at process flow and the implication that process
ordering and grouping can have on the performance of a program. Mr. Browning's method uses
this approach to map out the probabilistic measures of performance, cost, and schedule risk.
Using target values for these three factors, the model can produce contour plot of probabilistic
outcomes as they map to the targets. In this way, the distance and density in the plots can be
treated as risk that is inherent to the program. This new application of an older tool provides an
even more quantitative and visual representation of risk and the implication and interactions of
process with cost, schedule, and performance targets. In the context of this research, the DSM
risk management method could be utilized in a similar way as the system dynamics model
described above.
Once all of the process steps are determined within the requirements generation process,
different probabilistic weightings can be given to the process steps completion time, cost, and
success. These probabilistic weightings could be determined through surveys internal to
organizations with simple questions like:
50 Browning, T. (1998). Modeling and Analyzing Cost, Schedule, and Performance in Complex System
Product Development. Technology. Management, and Policy. Cambridge, MA, Massachusetts Institute
of Technology: 299.
122
Within Step 1, what is the cost, time required and likelihood of rework without the use of
advanced M&S?
Within Step 1, what is the cost, time required and likelihood of rework, with the use of
advanced M&S?
The data collected from questions like this can then be used as the basis for the
probabilistic factors for the DSM model.
There is a great deal of potential with both of these tools, however, these are tools like
M&S, so there would most likely be the same obstacles that were cited in the M&S survey data.
Validation and verification of the model would most likely be the highest obstacle to overcome,
because of the behavior information that is needed within the system model.
Future outlook of M&S in requirements generation
This research does not propose to turn back the clocks on the progress that has been
achieved in the area of modeling and simulation. Instead, it is the hope that the results presented
here can allow for the more measured evolution of M&S usage in requirements and other areas
of product development. Until accurate measures of their impact on the process are documented,
there cost effectiveness and utility will continue to be debated.
Overall, the use of M&S is increasing across programs and organizations and there is no
sign that this usage will subside. As human behavior modeling becomes more reliable, the rate
will certainly shift to include that aspect more thoroughly as well. The vision set for by
Simulation Based Acquisition is not an unachievable goal. In fact it is quite accessible but its
fruitful implementation will be held back by the lack of structure in the measurement of the
effectiveness of such tools on the development process. The speed at which we reach the vision
above will be determined by our ability to adapt and keep up with increasing functionality within
the tools offered. From the data presented in this paper, it would appear that the technical issues
123
of tool interoperability and model VV&A are the foremost obstacles to more effective use of the
tools. Cultural issues of inter-organization information and model sharing, ownership and
interpretation will also continue to provide impediments to the vision outlined above.
The past decade has seen enormous growth in computation that has opened doors for all
new applications of M&S. Some examples of growth are illustrated in Table 7. Although, there
has been significant growth in the tools, there has also been significant growth in the complexity
of the products being developed. Therefore this increased utility and computation power rate of
modeling and simulation has to exceed or at least keep up with the complexity curve of the
current future so that the net effectiveness to military acquisition increases.
Technology Decade of Change
Factor Parameter
Microprocessors +100X Speed
Software -10X $/Line-of-Code
Displays +100X Resolution
Dynamic RAM -100X $/MB
Mainframes +100X Capacity
Communications +100,000X Bandwidth
Table 7: A Decade of Computation Growth
Future Research
A good deal of further research still exists in the field of understanding impacts and
benefits of M&S to the development of aerospace products. It is essential for that concept to
become clearer and our direction become direct towards the efficient use and evolution of it as a
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tool, enabler, and backbone of aerospace product development. The following are a list of topics
that should be considered for future research directions.
* An impact model of the entire development process should be developed that can
dynamically simulate benefits and costs of tools. This could help in establishing program
strategy to more effective implementation of these tools. In addition, it could be used to
justify payoffs found downstream from better investment in requirements generation.
* The use of advanced modeling and simulation in the military setting is really just initiating
and case study research should be conducted on the retrospective impacts that these tools had
on the process, now that it is complete.
* Metrics have to be developed that will establish direction and refinement of M&S in
requirements generation. The goal of the metrics should be centered on the theme of finding
the "value-added" information that M&S brings to the process.
* Assessment should be made of High Level Architecture efforts to improve interoperability
problems. The introduction of standards in M&S technical architectures could provide a
giant leap forward toward a more integrated simulation environment and resolve one of
largest barriers to improved M&S utility.
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Survey of the Impact of Modeling and Simulation on the Generation of
System Level Requirements
© Massachusetts Institute of Technology, 1999
(Confidential Questionnaire)
Massachusetts Institute of Technology
Lean Aerospace Initiative
DEPARTMENT OF THE AIR FORCE
WASHINGTON DC
OFFICE OF THE ASSISTANT SECRETARY
MEMORANDUM FOR MYLES WALTON
FROM: SAF/AQR
1060 Air Force Pentagon
Washington DC 20330-1060
SUBJECT: In Support of the Lean Aerospace Initiative survey of the Use of Modeling &
Simulation
Effective requirements generation have been known to be a key to program success for
sometime. In addition, current research suggests that there is extensive and increasing use of
modeling and simulation within the process. However, there is little research on the correlation
between the use of these tools and good requirements.
Many of you are familiar with the Lean Aerospace Initiative (LAI). LAL is a cooperation
between the Department of Defense (led by the Air Force), industrial aerospace firms, and the
Massachusetts Institute of Technology (MIT). Under the auspices of the LAI. MIT is conducting
this study on the impact of modeling and simulation in the generation of system level
requirements. The goal of this specific research is to assess the current state and gather data from
existing programs to identify benefits, obstacles and overall impact of M&S in system level
requirements generation.
MIT has tested the survey, and it should take about one-half hour total time to complete.
Thank you for your help. Hopefully, the results will provide insights that are of value to
you all.
HELMUT HELLWIG
Deputy Assistant Secretary. USAF
(Science, Technology and Engineering)
This survey is designed specifically to characterize the process by which modeling and simulation (M&S) is being used in the generation
of system level requirements. This study is part of a large, on-going research consortium involving the U.S. Air Force, a number of firms
in the defense aerospace sector, and Massachusetts Institute of Technology. The research projects focus on the investigation of the
application of "Lean" practices in the defense aerospace industry.
Your cooperation is vital to the success of this study! Please answer the following questions as they apply to you.
Please be candid and honest in your responses. We understand that you may have concerns about confidentiality. Several measures will
be taken to ensure that your responses will remain confidential. Only the researchers named at the end of the survey will have access to
the information requested in this survey. All analysis of the survey data will be presented in the form of aggregated statistics. No
individuals or individual programs will be identified in the analysis or reporting of the responses. We understand that the success of any
research depends upon the quality of the information on which it is based, and we take seriously our responsibility to ensure that any
information you entrust to us will be protected.
When you have completed the survey, please return it in the envelope provided. We would prefer that you complete the survey and return
it to us as soon as possible, but to ensure timely and complete reporting, please return the survey by March 8, 1999.
Program Name: Current Program Phase:
Company/Organization: Job Title:
1. Which of the following best describe the modeling and simulation plan, if any, used within your program?
OFormal documented plan
OCommon understanding of general M&S strategy, but no documented process
ONo clear M&S strategy, but M&S is used as the need arises
"M&S is not used
2. What is the budgeted number of Full Time Equivalents (FTE) responsible for M&S within your program?
Also, estimate the percentage of this effort directed towards system requirements generation.
(FTEs responsible/engaged in M&S) _ (% of effort directed to system requirements generation)
3. Who is responsible for development of models and simulations for your program?(Check all that apply)
OPrime system contractor
IGovernment agency
OIndependent Contractor
[:Program office
OOther
4. Who is responsible for the management (determining when to use) of M&S for your program? (Check all that
apply)
OPrime system contractor
OGovernment agency
Independent contractor
OProgram office
I"Other
5. Indicate the rationale for electing to use Modeling and Simulation, in system requirements generation, within your
program. (Check all that apply)
ONecessary to be competitive [:Dictated by policy
OContractual requirements ElOther
OPerceived net benefit to program performance OM&S is not used in system requirements
generation process
6. What types of engagementlengineering modeling and simulation tools are you using during system requirements
generation for the following system characteristics? Also, are the current tools adequately contributing to the
generation of system level requirements?
-- Modification/Upgrade Programs may proceed to question 7
r Spacecraft Programs answer 6b
Aircraft & Aerial Weapons System Programs answer 6a
6a) M&S Tools Used Adequately
System Level Functional Physical Contributing?
Characteristic Virtual Live Constructive Virtual Live Constructive Yes No
Range LW E] W W - - Li w
Weight 1 1
Speed 1.. L W 1 U
Cost L i U U I U
Human/Machine Interface 0 0 i U LJ L
Weapons Load .. Th U. - -- . -
Service Life U i
Target Acquisition
Lethality ] -- 1. U U 1
Survivability -i L Li U I U.
Maneuverability 1 ] _ U
Other 0 E_ LO U 1 UU d
6b) M&S Tools Used Adequately
System Level Functional Physical Contributing?
Characteristic Virtual Live Constructive Virtual Live Constructive Yes No
Orbit L 1 LJ W W
Weight 0 [ L
Power C U U
Cost
Human/Machine Interface O L i U O U U U
Bandwidth -r LJ H i U m
Operating Lifetime . L .. .
Pointing Accuracy L J U _U
Coverage 0 0 O O U m
Resolution F U - - -
Interface E [ U L U U U E
Other Li Ei Ui L
Key:
Functional M&S: M&S that does not rely on any specific physical concept to obtain necessary information.
Physical M&S: M&S that relies on a specific physical concept to obtain necessary information
Virtual M&S: Systems simulated both physically and by computer
Live M&S: Operations with live forces and real equipment in the field
Constructive M&S: Wargames, models, analytical tools
7. Characterize the overall M&S usefulnessfor system requirements generation within your program?
Low Some Critical Not
Usefulness Usefulness Usefulness Applicable
01 02 03 04 [05 [76 07 ON/A
3. Estimate the benefit that M&S in the generation of system level requirements had on your program in terms of
the each of the following: Not No Some Critical
Used Benefit Benefit Benefit
Cost Avoidance Oo 01 02 03 [04 015 16 07
Cost Savings Eo ]1 E2 03 04 05 06 07
Schedule Risk Reduction o [E]1 02 03 04 015 06 07
Technical Risk Reduction ]o 01 E-2 03 04 15 06 E17
Rapid, Early Proof of Concept 0 01 ] 2 03 04 15 E6 07
Improved Product Quality o 01 0-2 E-3 04 05 06 017
Enables IPPD Effort Eo Il 02 03 04 E5 06 07
Better User Input Oo 0 1 E2 E3 E14 05 E6 E7
Other: o 01]l 02 03 04 05 06 07
9. Estimate the value that M&S contribute to each of the following activities?
Not No Some Critical
Used Contribution Contribution Contribution
Eliciting Customer Needs 0o 01 02 03 04 0-5 06 07
Customer Needs Validation -0 01 02 03 04 05 06 017
Functional Analysis Oo 1 02 03 04 05 06 07
Physical Architecture Development 0 01 0]2 013 04 E]5 06 107
Operations Demonstrations 00 1 02 03 04 05 06 07
Cost/Performance Trades o0 E1 0]2 013 04 05 06 07
Establishing Performance Ranges 3o 01 02 0]3 04 05 06 07
Requirements Verification 0[0 1l 02 013 04 05 06 07
Gaining Political Support 0 l 1 02 03 [04 05 06 07
Other [00 l1 []2 03 04 05 016 07
10. Rate the importance of M&S in system requirements generation to the following individuals? Critical
Not No Some Critical
Used Importance Importance Importance
Program Managers 0o0 l 0[2 03 04 I5 06 07
Requirements Analysts 00 01 02 0I3 04 05 06 ]07
Design Engineers 0o0 1 02 03 04 05 06 07
Customer 00o 1 02 0]3 04 05 06 ]07
End User 0o0 1 02 03 04 05 06 07
Other _o 00 1 02 03 04 05 06 07
11. Within your program, how do you measure the benefits (e.g. metrics) that Modeling and Simulation provides?
12. What obstacles currently exist in using modeling and simulation tools during requirements generation within
your program? (Check all that apply)
E]Limitations in computer processing capability OM&S can only evaluate discrete point solutions
OPoor human/machine interface '-Developers reluctance to share models
OLimited availability of historical models EModel resolution is incorrect for current application
OModel overly constrains potential solutions OModel VV&A
"]Inadequate environmental representation SLack of acceptance of M&S information by decision
]Limited interoperability among models makers
ODetermining ownership of models and data Ecost
ElOther:
13. Estimate the priority of the following activities within your M&S strategy?
Low
Priority
Some
Priority
High Not
Priority Addressed
Reusing M&S from previous programs
Ensuring M&S reusable for future programs
Ensuring necessary M&S output information
is available at the right place & right time
Using M&S information in the IPPD environment
as a communication tool
Implementing lessons learned from other programs'
experiences with M&S
01 02 03 04 s15 16 07 O'N/A
01 12 [03 E4 05 06 07 SN/A
I11 52 03 [4 15 06 517 -'N/A
O1 02 53 04 05 06 E37 ON/A
5:1 02 03 14 515 516 17 OIN/A
14. What activities are currently performed in requirements generation for which M&S cannot be used?
15. Describe an instance where M&S was used in an important program decision? Elaborate on the information it
provided and/or failed to provide?
in order to gain an understanding of the industry perspective we would like to send a similar survey to your
:ounterpart at the prime contractor(s) for this program. Please fill in his/her name and address information in the
ollowing blanks. Your responses on this survey will not be reported in any way that would identify you to your
industry counterpart.
Name:
Company:
Mailing Address:
Name:
Company:
Mailing Address:
[ ] Yes, I would like to receive a summary of the results of this research sent to me.
Name:
Mailing Address:
Tel:
If you have any questions about this survey or the objectives of this research feel free to contact
either:
Myles Walton
Lean Aerospace Initiative
Massachusetts Institute of Technology
77 Massachusetts Ave., Room 41-205
Cambridge, MA 02139
Tel.: (617) 258-9223
Fax: (617) 258-7845
Email: mwalton@mit.edu
Dr. Joyce Warmkessel
Lean Aerospace Initiative
Massachusetts Institute of Technology
77 Massachusetts Ave., Room 41-205
Cambridge, MA 02139
Tel.: (617) 252-1539
Fax: (617) 258-7845
Email: jwarmk@mit.edu
For more information on the Lean Aerospace Initiative (LAI), you may contact us directly or visit
the LAI web page at : http://lean.mit.edu/.
Thank you for your time!!!!
